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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide cleaning liquid and a cleaning method by which minute 
particles or an organic contaminant stuck on the surface of a substrate can be removed by 
cleaning without corroding the surface of the substrate and the surface thereof in highly cleaned in 
the substrate for a semiconductor device. 

SOLUTION: The cleaning liquid for the substrate for a semiconductor device contains at least 
following elements (A), (B) and (C), and the cleaning method using the cleaning liquid is used. The 
element (A) is an ethylene oxide type surfactant that has a hydrocarbon group and polyoxyethylene 
that may have a substituent (excluding phenyl group) and wherein the ratio (m/n) of the carbon 
number (m) in the hydrocarbon group to the oxyethylene number in the polyoxyethylene group is 1 
to 1.5, the carbon number (m) is 9 or more, and the oxyethylene number (n) is 7 or more, the 
element (B) is water, and the element (C) is an alkaline or an organic acid. 
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[JP,2003-289060,A] 

CLAIMS 

[Claim(s)] 

[Claim 1] The penetrant remover of the substrate for semiconductor devices 
characterized by containing the following components (A), (B), and (C) at least, 
component (A): — the hydrocarbon group and polyoxyethylene radical which may have 
the substituent (except for a phenyl group) — having — the carbon number in a 
hydrocarbon group (m), and the oxyethylene in a polyoxyethylene radical — the ratio 
(m/n) of the base (n) — 1-1.5 — it is — a carbon number (m) — 9 or more and 
oxyethylene — the ethyleneoxide mold surfactant whose base (n) is seven or more. 
(Component B): Water component (C): Alkali or an organic acid [claim 2] The 
penetrant remover according to claim 1 whose carbon numbers (m) in a component (A) 
are 9-16. 

[Claim 3] The penetrant remover according to claim 1 or 2 whose pH alkali is contained 
as a component (C) and is nine or more. 

[Claim 4] The penetrant remover according to claim 3 whose component (C) is the 
alkali compound expressed with the following general formulas (I). 
[Formula 1] (Rl)4N+OH-(I) 

(However, Rl shows a hydrogen atom or a hydroxyl group, an alkoxy group, and the 
alkyl group that may be permuted with the halogen, and even if the whole of Rl is the 
same, it may differ.) 

[Claim 5] The penetrant remover according to claim 4 whose component (C) is the 4th 
class ammonium of hydroxylation which has the alkyl group and/or hydroxyalkyl 
radical of ammonium hydroxide or carbon numbers 1-4. 

[Claim 6] The penetrant remover according to claim 1 or 2 whose pH an organic acid is 
contained as a component (C) and is 1-5. 

[Claim 7] The penetrant remover according to claim 6 whose components (C) are an 
organic carboxylic acid and/or an organic sulfonic acid. 
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[Claim 8] The penetrant remover according to claim 7 whose organic carboxylic acid is 
at least one sort chosen from the group which consists of an acetic acid, a propionic acid, 
oxalic acid, a succinic acid, a malonic acid, a citric acid, a tartaric acid, and a malic acid. 
[Claim 9] The penetrant remover according to claim 7 whose organic sulfonic acid is at 
least one sort chosen from the group which consists of methansulfonic acid, ethane 
sulfonic acid, n-propane sulfonic acid, propane sulfonic acid, and n4>utane sulfonic 
acid. 

[Claim 10] A penetrant remover given in any of claims 1-9 whose contents of a 
component (A) are 0.0001 - 1 % of the weight they are. 

[Claim 11] A penetrant remover given in any of claims 1-10 whose components (A) are 
polyoxyethylene alkyl ether they are. 

[Claim 12] Furthermore, a penetrant remover given in any of claims 1-11 containing a 
complexing agent they are. 

[Claim 13] A penetrant remover given in any of claims 1-12 which do not contain a 
hydrogen peroxide substantially they are. 

[Claim 14] The washing approach of the substrate for semiconductor devices 
characterized by using a penetrant remover given in any of claims 1-13 they are. 
[Claim 15] The washing approach according to claim 14 which washes a substrate while 
irradiating a supersonic wave with a frequency of 0.5MHz or more. 
[Claim 16] The washing approach according to claim 14 or 15 which carries out brush 
washing of the substrate for semiconductor devices after carrying out chemical 
mechanical polishing. 

[Claim 17] The washing approach given in any of claims 14-16 which warm and use a 
penetrant remover for the temperature of 40-70 degrees C they are. 
[Claim 18] after washing by the penetrant remover - further - heat-treatment with a 
temperature of 300 degrees C or more - or the washing approach according to claim 14 
of performing ozone water treatment. 

[Claim 19] The washing approach according to claim 14 applied to the substrate for 
semiconductor devices with which the contact angle of water has an insulator layer 60 
degrees or more on a front face. 

[Claim 20] The washing approach according to claim 14 applied to the substrate for 
semiconductor devices which has silicon, transition metals, or a transitions^ 
compound on a front face. 

[Claim 21] The substrate penetrant remover for semiconductor devices which is 
characterized by filling the following conditions (a), (b), and (c) and which has a 
semiconductor device electrode or metal wiring on a front face at least. 
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(a) Don't corrode a semiconductor device electrode and metal wiring substantially. 

(b) When the amount of contamination metals washes the substrate which are 
1000-5000 (xlOlO atoms/cm2), the amount of contamination metals after washing is 
below ten (x 1010 atoms/cm2). 

(c) [ when the approximate circle configuration substrate front face of the radius r which 
has particle with a particle size of 0.1 micrometers or more 8000-100000 (an individual 
/ 0.03m2) is washed between t (minute) ] The particle number within the periphery on 
the substrate front face which makes a substrate and a core the same is 800/t or less 
piece within the periphery of periphery radius 0.6r after washing within 200/t or less 
piece or the periphery of periphery radius 0.9r in the case of t=0.5-l. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the penetrant remover used for washing 
on front faces of a substrate, such as the semi-conductor with which metal 
contamination and particle contamination pose a problem, glass, a metal, ceramics, resin, 
the magnetic substance, and a superconductor, about the penetrant remover and the 
washing approach of the substrate for semiconductor devices, detailed — this invention 
— quantity — it is related with the penetrant remover and the washing approach for 
washing the substrate front face for semiconductor devices in the process which 
manufactures the substrates for semiconductor devices a semiconductor device, for 
display devices, etc. that a pure substrate front face is required. 

[0002] Especially the penetrant remover and the washing approach of this invention 
Semiconductor materials, such as silicon, Insulating materials, such as silicon nitride, 
silicon oxide, glass, and a low dielectric constant (Low^c) ingredient, In the substrate 
for semiconductor devices which has transition metals or a transition-metals compound 
all over surface [ a part of ] Organic contamination of a minute particle (particle) like 
the silica particle adhering to a substrate front face, an alumina particle, and an organic 
substance particle, resist residue, etc. and metal contamination are removed and 
combined, and the reattachment is controlled, and it can defecate to altitude, without 
causing the dry area and corrosion on the front face of a substrate. 
[0003] 

[Description of the Prior Art] At the production process of semiconductor devices, such 
as flat-panel displays, such as TFT liquid crystal, a microprocessor, memory, and CCD, 
pattern formation and thin film formation are performed on substrate front faces, such as 
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silicon, silicon oxide (Si02), and glass, with the dimension of submicron one thru/or a 
quarter micron. Therefore, in each process of these manufactures, the slight 
contamination on the front face of a substrate concerned is also removed, and it has 
been a very important technical problem to defecate a substrate front face to altitude. 
Also in contamination, especially the particle contamination and metal contamination 
that are minute contamination are difficult to remove the all. However, in order for 
electrical characteristics and the yield of a semiconductor device to fall by this 
contamination, before carrying such contamination into degree process, it is necessary 
to remove as much as possible. And generally washing on the front face of a substrate 
by the penetrant remover is carried out to removal of such contamination. 
[0004] In recent years, in manufacture of a semiconductor device, much more 
improvement in a throughput and production increase in efficiency are demanded. And 
about the substrate for semiconductor device manufacture which is in detailed-izing and 
a high integration inclination increasingly, it excels not only in the removal nature of the 
particle contamination on the front face of a substrate, and metal contamination but in 
the reattachment tightness after removal, and the penetrant remover and the washing 
approach of defecating a substrate front face to altitude quickly are desired. 
[0005] Generally, it is known as a penetrant remover used for removal of particle 
contamination that an alkaline water solution is effective. Alkaline water solutions, such 
as an aqueous ammonia solution, a potassium-bydroxide water solution, and a 
tetramethylammonium hydroxide water solution, are used for washing on the front face 
for semiconductor devices of a substrate. Moreover, washing (it is called "SC-1 
washing" or "APM washing".) by the penetrant remover (it is called "SC-1 penetrant 
remover" or an "APM penetrant remover".) containing ammonia, a hydrogen peroxide, 
and water is also used widely (for example, nonpatent literature 1 reference). 
[0006] And recently, that the engine performance of such an alkaline penetrant remover 
should be improved, etching on the front face for semiconductor devices of a substrate 
is specifically controlled, a surface dry area is controlled, and the wettability on the 
front face of a substrate is also raised, and adding various surfactants to an alkaline 
penetrant remover for the purpose of raising the removal nature of particle 
contamination etc. is proposed variously. 

[0007] For example, in order to control the dry area on the front face of a substrate by 
the penetrant remover, a surfactant is added in an alkaline hydrogen-peroxide-solution 
solution, and making the contact angle of the penetrant remover to a substrate front face 
into 10 or less degrees is proposed (for example, patent reference 1 reference). 
Moreover, in order to raise the wettability of the penetrant remover on the front face of a 
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substrate, the hydrogen-peroxide content alkalinity penetrant remover which added the 
ethyleneoxide addition type non-ion system surfactant whose numbers of addition mols 
of ethyleneoxide are 3-10 is proposed (for example, patent reference 2 reference). 
[0008] Moreover, in order to control etching of the front face of the silicon substrate 
which is a typical semiconductor device substrate, adding various surfactants to an 
alkaline penetrant remover is proposed (for example, patent reference 3 reference). In 
order to raise the removal engine performance of organic substance contamination 
especially, the penetrant remover used for washing of the substrate for semiconductor 
devices containing a specific surface active agent is proposed (for example, patent 
reference 4 reference). For the reason on a decontamination disposition, adding 
alkylbenzene sulfonic acid to a hydrogen-peroxide content alkalinity penetrant remover 
is also proposed (for example, patent reference 5 reference). Moreover, for the reason 
on a particle removal disposition, adding the fluorochemical surfactant which consists 
of a fluoro alkyl sulfonamide compound to an APM penetrant remover is also proposed 
(for example, patent reference 6 reference). 

[0009] Moreover, in washing of the substrate for semiconductor devices, an acid 
penetrant remover is also useful in addition to the alkaline above-mentioned penetrant 
remover. Generally, although the acid penetrant remover is effective in the metal 
decontamination on the front face of a substrate, adding various surfactants also to an 
acid penetrant remover for the purpose of the removal disposition top of particle 
contamination etc. is proposed from it being unsuitable for removal of particle 
contamination. For example, washing a silicon wafer using a specific surfactant and a 
specific hydrofluoric acid is proposed (for example, patent reference 7 reference). 
[0010] Moreover, adding a surfactant and ozone in the fluoric acid water solution used 
for washing of a silicon wafer is proposed (for example, patent reference 8 reference). 
Adding an organic-acid compound to a dispersant and/or a surfactant is also proposed 
for removal of the metal impurity which stuck to the substrate which has metal wiring 
on a front face, and particle contamination (for example, patent reference 9 reference). 
[0011] Moreover, virgin metal group ingredients, such as copper (Cu) and a tungsten 
(W), are newly being introduced with detailed-izing and quantity lamination of a 
semiconductor device in recent years as wiring (only henceforth "wiring") and the 
metallic material used for the electrode (only henceforth an "electrode") in a 
semiconductor device which connects between the minute semiconductor devices in a 
semiconductor device. Specifically as a wiring material, Cu with low resistance is being 
adopted from the aluminum (aluminum) which was used from the former and to which 
it came. 
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[0012] Moreover, the interlayer insulation film between the semiconductor devices 
which have a laminated structure is mentioned as other new ingredients. The low 
dielectric constant film which used the film which consists of the organic polymer 
ingredient and inorganic polymer ingredient with a dielectric constant lower than Si02 
film currently used from the former as this interlayer insulation film is being adopted. 
Among the production process of a semiconductor device, in case this interlayer 
insulation film is the washing process (it may be hereafter called a "back process") of 
the substrate performed after metal wiring is formed in that front face, it is exposed on a 
substrate with wiring. 

[0013] Moreover, a tungsten is being introduced into an electrode as an electrode 
material with it. [ low resistance and ] [ advantageous to micro processing ] In case an 
electrode is the washing process (it may be hereafter called a "last process") of the 
substrate before metal wiring formation, it is usually exposed on a substrate front face. 
Since all the substrate front faces washed in a last process consisted of Si compounds 
conventionally and a semiconductor device was affected also for slight contamination, 
the substrate front face needed to be defecated to altitude. Therefore, powerful washing 
by RCA washing was indispensable. 

[0014] In recent years, adaptation of various proposals which carried out point ** is 
tried that a substrate which an exotic material which was mentioned above has exposed 
to a front face should be washed to altitude. 

[Nonpatent literature 1] W. Kern and D.A.Puotinen: RCA Review, p.187, June [(1970) 
patent reference 1] JP,5-335294,A [the patent reference 2] The patent No. 3169024 
official report [the patent reference 3] JP,2001-40389,A [the patent reference 4] 
JP11-121418,A [the patent reference 5] JP,7-245281,A [the patent reference 6] 
JR5-251416,A [the patent reference 7] JP,7-216392,A [the patent reference 8] 
JP8-69990,A [the patent reference 9] JP,200 1-7071, A [0016] 

[Problem(s') to be Solved by the Invention] At the conventional back process which used 
aluminum wiring, since the effect of metal contamination was low compared with that 
aluminum wiring is weak to strong acid or a strong base, and a last process, only easy 
washing by ultrapure water or the organic solvent was performed. However, when Cu 
was used instead of aluminum, the two following problems newly arose. 
[0017] In the first place, in the first place, Cu was one of the pollutants disliked most for 
Si its diffusion rate of Cu in the oxide film on the front face of a semiconductor device 
(Si02 film) was quick, and it had become a problem to exceed aluminum you to be 
Haruka whenever [ bad influence ]. 
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[0018] The point that second dry etching cannot do Cu unlike aluminum is a problem, 
the approach of performing Cu plating to the insulator layer which trenched, forming 
wiring beforehand (in order forming Cu wiring), and subsequently shaving off a 
garbage by approaches, such as CMP (Chemical Mechanical Polishing), in order to 
form wiring by Cu, and the so-called DAMASHIN — wiring formation by law must be 
carried out. 

[0019] It poses a problem that the polish particle in the slurry used for a lot of Cu and 
CMP (particle represented by the aluminum oxide particle etc.) pollutes Cu wiring and a 
low dielectric constant film front face with the wiring formation by the 
above-mentioned DAMASHIN method. By easy washing by ultrapure water or the 
organic solvent, the contamination on such a front face of a substrate could not be 
removed, but has already been a serious problem. 

[0020] When the conventional RCA washing by strong acid or the strong base was 
performed to the above contamination, the problem of dissolving to a hydrogen 
peroxide had newly produced virgin metal group ingredients, such as Cu and W. And 
further, since a low dielectric constant film front face is hydrophobicity, the wettability 
of a penetrant remover is bad, and crawls a penetrant remover, and it has the problem of 
being [ fully ] especially hard to remove removal of particle contamination. 
[0021] Therefore, at the washing process of a substrate of having the above exotic 
materials on a front face, serious problems — it will become impossible to wash [ which 
used the RCA penetrant remover containing hydrogen peroxide solution ] from now on 
— have arisen, and in washing the substrate which has a weak virgin metal group 
ingredient on a front face in drug solutions, such as a hydrogen peroxide, development 
of a new penetrant remover is desired strongly. 

[0022] On the other hand, the development of the penetrant remover which contains a 
surfactant like which mentioned above has been made. However, there was no penetrant 
remover which reattachment prevention is fully made and is satisfied with following the 

(1) - (3) of the technical problem of a publication with metal decontamination and 
particle decontamination by this, and it had become a technical problem in the surface 
washing of a substrate. 

[0023] (1) a room temperature or warming — sometimes, cause neither washing 
performance degradation nor the residual of the oil droplet on the front face of a 
substrate, without a surfactant's serving as an oil droplet and doing deposit and nebula 
of into a penetrant remover. 

(2) Fizz be small and don't have a bad influence on actuation of a washing station. 

(3) A surfactant is the matter which does not have a bad influence on natural 
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environment, and washing waste fluid can process appropriately. 

[0024] For example, since an anion system surfactant generally does not have a cloudy 
point, a high cleaning effect is expected, and it can use the temperature of a penetrant 
remover, making it high (for example, 80 degrees C or more). However, since it is high 
fizz, there is a possibility of having a bad influence on the operability in a washing 
station. 

[0025] Moreover, a non-ion system surfactant has the high washing engine performance, 
and although it is low fizz, generally a cloudy point is low. Therefore, when a high 
cleaning effect is expected and it washes by making temperature of a penetrant remover 
high, this surfactant appears as the shape of an oil droplet in a penetrant remover, and 
there is a problem of remaining on a substrate. 
[0026] 

[Means for Solving the Problem] this invention persons examined wholeheartedly the 
substrate penetrant remover for semiconductor devices which uses a surface active 
agent about the technical problem mentioned above. Its attention was paid to the surface 
active agent especially used for a penetrant remover, and the ethyleneoxide mold 
surface active agent which is especially a non-ion system surface active agent. 
[0027] An ethyleneoxide mold surface active agent has a hydrocarbon group and a 
polyoxyethylene radical in the same molecular structure, the ratio (m/n) of the carbon 
number (m) by which this invention persons are contained in a hydrocarbon group in 
the ethyleneoxide mold surface active agent of such structure, and the number of the 
oxyethylene radicals in a polyoxyethylene radical (n) - 1-1.5, and a carbon number (m) 
- the oxyethylene in 9 or more and a polyoxyethylene radical - the base (n) paid its 
attention to the surface active agent of specification within the limits which fulfills 
seven or more conditions. 

[0028] Under a room temperature and the condition of atmospheric pressure, many of 
ethyleneoxide mold surfactants of this specification within the limits are solid-states, 
and its solubility to water is low. Therefore, such an ethyleneoxide mold surfactant was 
dealt with in the industrial production process, the sex was low and use was avoided. 
However, a hydrogen peroxide was not contained unexpectedly and substantially but, as 
for the substrate penetrant remover for semiconductor devices containing the alkali or 
the organic acid which was made to carry out heating melting, was dissolved in water, 
and prepared such an ethyleneoxide mold surfactant of specific within the limits, ** 
also showed the good washing engine performance. From the general contamination 
cleaning effect, it especially excelled in the detergency (particle removal nature of 
particle-size the order of 0.1 micrometers) over minute particle contamination which 
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cannot be predicted. And the above-mentioned substrate penetrant remover for 
semiconductor devices tended to crawl an aquosity penetrant remover for 
hydrophobicity, and did so the cleaning effect which showed sufficient wettability also 
to the low dielectric constant film front face where particle removal nature is low, and 
was excellent to it. this invention persons came to complete a header and this invention 
for these things. 

[0029] That is, the summary of this invention consists in the washing approach which 
uses the penetrant remover and the penetrant remover concerned of the substrate for 
semiconductor devices characterized by containing the following components (A), (B), 
and (C) at least. 

[0030] component (A): — the hydrocarbon group and polyoxyethylene radical which 
may have the substituent (except for a phenyl group) — having — the carbon number in a 
hydrocarbon group (m), and the oxyethylene in a polyoxyethylene radical — the ratio 
(m/n) of the base (n) — 1-1.5 — it is — a carbon number (m) — 9 or more and 
oxyethylene — the ethyleneoxide mold surfactant whose base (n) is seven or more. 
(Component B): Water component (C): Alkali or an organic acid [0031] 
[Embodiment of the Invention] Hereafter, this invention is explained to a detail. At least, 
the penetrant remover of this invention contains water as a specific surfactant and a 
component (B) as a component (A), and contains alkali or an organic acid as a 
component (C). 

[0032] the hydrocarbon group and polyoxyethylene radical on which the surfactant used 
as a component (A) may have the substituent (except for a phenyl group) in this 
invention — having — the carbon number in a hydrocarbon group (m), and the 
oxyethylene in a polyoxyethylene radical — the ratio (m/n) of the base (n) — 1-1.5 — it is 
— a carbon number (m) —9 or more and oxyethylene — the base (n) is the ethyleneoxide 
mold surfactant which is seven or more. 

[0033] When the above-mentioned ratio (m/n) is less than one, it becomes inadequate 
corrosion controlling [ of particle removal capacity or silicon ] in liquid. Moreover, the 
load of the soluble fall to the water by the increase of oxyethylene chain length and 
waste fluid processing also increases. On the other hand, when exceeding 1.5, the 
emulsion of an O/W mold is formed in lye at the time of washing, and a surfactant 
serves as a fine oil droplet, it deposits and becomes cloudy, and problems, such as 
washing performance degradation and a residual of an oil droplet, are caused. Ratios 
(m/n) are 1-1.4 preferably. 

[0034] When the above-mentioned carbon number (m) is less than nine, even if a ratio 
(m/n) is said optimal within the limits, particle removal nature falls. Moreover, when 
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(m) is too large, since the soluble fall to water and the load of waste fluid processing 
also increase, it is not desirable, therefore, a carbon number (m) - desirable -9-16 - it 
is 10-14 still more preferably. However, in case the hydrocarbon group which 
constitutes a component (A) has a hydrocarbon group as a substituent, it sets to m the 
total number of the carbon number in the hydrocarbon group used as a principal chain, 
and the hydrocarbon group which is a substituent. 

[0035] Moreover, when the above-mentioned (n) is less than seven, even if a ratio (m/n) 
is said optimal within the limits, particle removal nature falls. When (n) is too large, the 
load of waste fluid processing becomes large, and it becomes easy to disassemble a 
surfactant in a penetrant remover, therefore, (n) - desirable - 7-16 - it is 7-14 still 
more preferably. 

[0036] By using the above-mentioned ethyleneoxide mold surface active agent specified 
by this invention, both the wettability of a penetrant remover and the removal nature of 
particle become good. As the above-mentioned ethyleneoxide mold surface active agent, 
polyoxyethylene alkyl ether, polyoxyethylene fatty acid ester, polyoxyethylene 
alkylamine, a polyoxyethylene-alkyl-ether sulfate, etc. are mentioned, for example. The 
polyoxyethylene alkyl ether especially expressed with the following general formula (H) 
from viewpoints, such as the removal nature of particle contamination and reattachment 
prevention ability, is desirable. 
[0037] 

[Formula 2] R20-(CH2CH20)nH (H) 

(However, R2 shows a hydroxyl group, the amino group, an alkoxy group, and the alkyl 
group that may be permuted with the halogen, the carbon number (m) contained in an 
alkyl group is nine or more, and (n) expresses seven or more numbers.) 
[0038] As an example of the above-mentioned polyoxyethylene alkyl ether The 
polyoxyethylene (n= 8) nonyl ether, the polyoxyethylene (n= 9) DESHIRU ether, The 
polyoxyethylene (n= 11) undecyl ether, the polyoxyethylene (n= 10) lauryl ether, The 
polyoxyethylene (n= 11) lauryl ether, the polyoxyethylene (n= 10) tridecyl ether, The 
polyoxyethylene (n= 12) tridecyl ether, the polyoxyethylene (n= 11) tetradecyl ether, 
The polyoxyethylene (n= 13) tetradecyl ether, the polyoxyethylene (n= 12) pentadecyl 
ether, The polyoxyethylene (n= 14) pentadecyl ether, the polyoxyethylene (n= 12) cetyl 
ether, the polyoxyethylene (n= 15) cetyl ether, the polyoxyethylene (n= 18) oleyl ether, 
etc. are mentioned. In addition, the numeric value in the above-mentioned n expresses n 
in the aforementioned general formula (IT). 

[0039] In this invention, as long as it is within the limits of this invention, two or more 
ethyleneoxide mold surfactants with which (m) differs from (n) may be used together at 
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a rate of arbitration, if the average of 9 or more and (n) fulfills [ the average of (m/n) of 
all surfactants / the average of 1-1.5, and (m) ] seven or more conditions in case two or 
more more sorts of surfactants are used together — the surfactant according to each 
individual — setting (m/n) — it may be over less than 1 .0 and 1 .5, or (m) may be less 
than nine and (n) may be less than seven. 

[0040] The content of the component in a penetrant remover (A) is usually 0.001 - 
0.05 % of the weight especially preferably 0.001 to 0.1% of the weight still more 
preferably 0.0003 to 0.5% of the weight preferably 0.0001 to 1% of the weight. When 
the concentration of a component (A) is too low, the particle decontamination engine 
performance is not enough, on the other hand, when the concentration of a component 
(A) is too high, it may become unsuitable for a washing process, and the load in the case 
of there being no change in the removal engine performance of particle contamination, 
and foaming becoming remarkable, and carrying out biodegradation processing of the 
waste fluid may increase. 

[0041] In the gestalt usually sold, metal impurities of 1 - about 1000 ppm of numbers, 
such as Na, K, and Fe, may contain the component (A). In this case, a component (A) 
serves as a metal pollution source. Therefore, as for the surfactant used as a component 
(A), it is desirable to refine and use it. and the content of each metal impurity — usually 

— 10 ppm or less 1 ppm or less are preferably set to 0.1 ppm or less still more preferably. 
The method of dipping in ion exchange resin and, for example, making resin catch a 
metal impurity as the purification approach, after dissolving a surfactant with water is 
suitable. 

[0042] By using the component (A) refined as mentioned above, the penetrant remover 
by which the metal impurity content was reduced extremely can be obtained. Especially 
as a penetrant remover of this invention, it is desirable among the metal impurities in a 
penetrant remover that 5 or less ppb of contents of Na, Mg, aluminum, K, calcium, Fe, 
Cu, Pb, and Zn is 0.1 or less ppb also in 20 or less ppb at least. 

[0043] In addition, in this invention, surfactants other than a component (A) may be 
used in the range which does not spoil the effectiveness of this invention. As surface 
active agents other than a component (A), any of a cation system surface active agent, 
an anion system surface active agent, and the Nonion system surface active agent are 
sufficient, using an anion system surfactant and the Nonion system surfactant especially 

— good — better ** — concrete — as for example, an anion system surfactant — ARUKI 
of carbon numbers 8-12 A RUBENZEN sulfonic acid and its salt, and alkyl methyl 
taurine acid of carbon numbers 8-12 and the salt, the alkyl-sulfuric-acid ester of carbon 
numbers 8-12, its salt, etc. mention — having — **. As an Nonion system surfactant, it is 
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****** which consists only of polyoxyalkylene. A sex agent etc. is mentioned. 
[0044] In this invention, water is used as a component (B). quantity - the case where he 
wants to obtain a pure substrate front face - usually - deionized water - ultrapure 
water is used preferably. Moreover, the hydrogen water which made hydrogen gas 
dissolved in the electrolysis ion water obtained by the electrolysis of water and water 
can also be used. 

[0045] In this invention, alkali or an organic acid is used as a component (C). That is, let 
the penetrant remover of this invention be an alkaline penetrant remover or an acid 
penetrant remover. 

[0046] Although especially the class of alkali used by this invention is not limited, as 
typical alkali, ammonium hydroxide (aqueous ammonia solution) and organic alkali are 
mentioned. As organic alkali, amines, such as the 4th class ammonium of hydroxylation, 
an amine, and amino alcohol, are mentioned. What has a hydroxyl group, an alkoxy 
group, the alkyl group of the carbon numbers 1^1 which may be permuted with the 
halogen, or the hydroxyalkyl radical of carbon numbers \A as the 4th class ammonium 
of hydroxylation is desirable, and even if all of these substituents are the same, they 
may differ. 

[0047] As above alkyl groups, the low-grade alkyl group of the carbon numbers 1-4, 
such as a methyl group, an ethyl group, a propyl group, and butyl, is mentioned, and the 
low-grade hydroxyalkyl radical of the carbon numbers 1^, such as a hydroxymethyl 
group, a hydroxyethyl radical, a hydroxypropyl radical, and hydroxy butyl, is mentioned 
as a hydroxyalkyl radical. 

[0048] As an example of the 4th class ammonium of hydroxylation of having the 
above-mentioned substituent, tetramethyl AMONIUMU hydroxide (TMAH), 
tetraethylammonium hydroxide, TORIMECHIRU (hydroxyethyl) ammonium hydroxide 
(common name: choline), triethyl (hydroxyethyl) ammonium hydroxide, etc. are 
mentioned. On the other hand, ethylenediamine, monoethanolamine, trimethano 
RUAMIN, etc. are mentioned as amines. 

[0049] In above-mentioned alkali, the ammonium hydroxide from the reasons of that 
there are few cleaning effects and metal residuals, economical efficiency, the stability of 
a penetrant remover, etc., tetramethylammonium hydroxide (TMAH), and 
TORIMECHIRU (hydroxyethyl) ammonium hydroxide (common name: choline) are 
desirable. Such alkali may be used independently and two or more sorts may be used for 
it at a rate of arbitration. 

[0050] Although what is necessary is just to choose the concentration of the alkali in a 
penetrant remover suitably, it is desirable that it is the concentration from which pH of a 
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penetrant remover becomes nine or more alkalinity. The decontamination effectiveness 
which alkali concentration is too low, and is the purpose of this invention when pH is 
not high may not be acquired. On the other hand, since the danger that about [ being 
economically disadvantageous ] and a substrate front face will be damaged by etching, 
without acquiring the effectiveness by having raised pH when pH is too high increases, 
it is not desirable, therefore, pH of an alkaline penetrant remover — desirable — 9-13 — 
further — desirable — 10-12.5 —it is 10.5-12 especially preferably. 

[0051] Although especially the class of organic acid used by this invention is not limited, 
an organic carboxylic acid or its organic sulfonic acid is desirable. As a typical thing of 
an organic carboxylic acid, formic acid, an acetic acid, a propionic acid, butanoic acid, 
an isobutyric acid, a valeric acid, ethyl methylacetic acid, trimethylacetic acid, oxalic 
acid, a succinic acid, a malonic acid, a citric acid, a tartaric acid, a malic acid, etc. are 
mentioned. In these, one sort chosen from the group of an acetic acid, a propionic acid, 
oxalic acid, a succinic acid, a malonic acid, a citric acid, a tartaric acid, and a malic acid 
or two sorts or more are desirable, and one sort chosen from the group of an acetic acid, 
oxalic acid, and a citric acid or two sorts or more are still more desirable. An acetic acid 
is the most desirable at the point that are used for the etchant ingredient of a 
semi-conductor substrate etc., and an object with few metal impurities can be cheap, can 
obtain by the high grade by distillation actuation, and generating of the fine particles by 
moisture evaporation does not take place, either. 

[0052] As a typical thing of an organic sulfonic acid, methansulfonic acid, ethane 
sulfonic acid, n-propane sulfonic acid, i-propane sulfonic acid, n-butane sulfonic acid, a 
phenyl sulfonic acid, etc. are mentioned. In these, methansulfonic acid and/or ethane 
sulfonic acid are desirable, and especially methansulfonic acid is desirable. The 
above^nentioned organic acid may be used independently and two or more sorts may be 
used for it at a rate of arbitration. 

[0053] Although what is necessary is just to choose the concentration of the organic acid 
in a penetrant remover suitably, it is desirable that it is the concentration from which pH 
of an acid penetrant remover is set to 1-5. The removal or the antisticking effectiveness 
of contamination which the concentration of an organic acid is too low, and are the 
purpose of this invention when pH is not sufficiently low may not be acquired. On the 
other hand, when concentration is too high, it is economically disadvantageous, without 
acquiring the effectiveness by having reduced pH, and since it can also become the 
cause of the corrosion on about [ that it is ] and the front face of a substrate, it is not 
desirable. pH of an acid penetrant remover is 2-3 preferably. 

[0054] In the penetrant remover of this invention, since the front face which reduced 
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further the metal contamination on the front face of a substrate and which was 
extremely defecated by altitude will be obtained if a complexing agent is made to 
contain, it is desirable. As a complexing agent, the thing of welUcnown arbitration can 
be used conventionally. What is shown by the following (1) - (4) is mentioned that what 
is necessary is to judge the class of complexing agent synthetically and just to choose it 
from the contamination level on the front face of a substrate, a metaled class, the 
cleanliness level required of a substrate front face, complexing agent cost, chemical 
stability, etc. 

[0055] The compound which has the nitrogen, carboxyl group, and/or phosphonic acid 
radical which are a donor atom : (1) For example Amino acid, such as a glycine; Imino 
2 acetic acid, nitrilotriacetic acid, ethylenediaminetetraacetic acid [EDTA], A 
transformer -1, 2-diamino cyclohexane 4 acetic acid [CyDTA], Nitrogen-containing 
carboxylic acids, such as diethylenetriamine pentaacetic acid [DTPA] and 
triethylenetetramine 6 acetic acid [TTHA]; Ethylenediamine tetrakis (methylene 
phosphonic acid) [EDTPO], Nitrogen-containing phosphonic acid, such as NfTORIRO 
tris (methylene phosphonic acid) [NTPO] and a propylenediamine tetrapod (methylene 
phosphonic acid) [PDTMP], is mentioned. 

[0056] (2) Phenols, such as compound:, for example, a catechol, which has the OH 
radical and/or two O-radicals or more which were coupled directly with the carbon atom 
which has an aromatic hydrocarbon ring and constitutes an aromatic hydrocarbon ring, 
resorcinol, and tiron, the derivative of those, etc. are mentioned. 
[0057] (3) Compound having the above (1) and the structure of 

(2) : [0058] An ethylenediamine JIORUTO hydroxyphenyl acetic acid [EDDHA] and its 
derivative : (3-1) For example An ethylenediamine JIORUTO hydroxyphenyl acetic 
acid [EDDHA], Ethylenediamine^, N'-screw [(2-hydroxy-5-methylphenyl) 
acetic-acid] [EDDHMA], Ethylenediamine-N, N'-screw [(2-hydroxy-5-KURORU 
phenyl) acetic-acid] [EDDHCA], an ethylenediamine-N and N'-screw - aromatic series 
nitrogen-containing carboxylic-acids; ethylenediamine^, such as 
[(2-hydroxy-5-sulfophenyl) an acetic acid [EDDHSA]], and N' - screw 
[(2-hydroxy-5-methylphenyl) phosphonic acid] — Aromatic series nitrogen-containing 
phosphonic acid, such as an ethylenediamine-N and N'-screw [(24iydroxy-5-phospho 
phenyl) phosphonic acid], is mentioned. 

[0059] N, N'-bis(2Hhydroxybenzyl) ethylenediamine^, N*-2 acetic-acid [HBED], and 
its derivative : (3-2) For example N, N'-bis(2-hydroxybenzyl) ethylenediamine-N, N'-2 
acetic-«cid [HBED], N, N'-bis(2-hydroxy-5-methylbenzyl) ethylenediamine^, N'-2 
acetic-acid [HMBED], N, N'-bis(2-hydroxy-5-KURORU benzyl) ethylenediamine-N, 
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N -2 acetic acid, etc. are mentioned. 

[0060] (4) In addition, hydrogen halides, such as carboxylic-acids; hydrofluoric acids, 
such as amines; formic acids, such as :, for example, ethylenediamine, an eight 
quinolinol, and o^henanthrolin, an acetic acid, oxalic acid, and a tartaric acid, a 
hydrochloric acid, a hydrogen bromide, and hydrogen iodide, those salts; oxo acid, such 
as a phosphoric acid and condensed phosphoric acid, those salts, etc. are mentioned. 
[0061] The thing of the gestalt of an acid may be used for the above-mentioned 
complexing agent, and the thing of the gestalt of salts, such as ammonium salt, may be 
used for it. 

[0062] the inside of the complexing agent mentioned above — nitrogen-containing 
phosphonic acid; ethylenediamine JIORUTO hydroxyphenyl acetic acids [EDDHA], 
such as nitrogen-containing carboxylic-acids; ethylenediamine tetrakis (methylene 
phosphonic acid) [EDTPO], such as ethylenediaminetetraacetic acid [EDTA] and 
diethylenetriamine pentaacetic acid [DTPA], and a propylenediamine tetrapod 
(methylene phosphonic acid) [PDTMP], and derivative;N of those from the reasons of a 
cleaning effect, chemical stability, etc., and N* - bis(2-hydroxybenzyl) 
ethylenediamine-N and N' -2 acetic acid [HBED] is desirable. 

[0063] inside — **** — a cleaning effect — a viewpoint — from — Ellen — diamine — 
JIORUTO — hydroxyphenyl — an acetic acid — [—EDDHA — ] — ethylenediamine - N — 
N — ' -a screw — [ (24iydroxy-5-methylphenyl) — an acetic acid — ] — [— EDDHMA — ] 

— diethylenetriamine pentaacetic acid — [— DTPA — ] — ethylenediaminetetraacetic acid 

— [— EDTA — ] — propylenediamine — a tetrapod (methylene phosphonic acid) — [— 
PDTMP — | — being desirable . The above-mentioned complexing agent may be used 
independently and two or more sorts may be used for it at a rate of arbitration. 

[0064] Although what is necessary is just to choose the concentration of the complexing 
agent in a penetrant remover as arbitration with the class of contamination metal 
impurity, an amount, and the cleanliness level required of a substrate front face, it is 
1-10000 ppm usually 10-200 ppm still more preferably 5-1000 ppm preferably. When 
the concentration of a complexing agent is too low, the decontamination or the 
antisticking effectiveness by the complexing agent are not acquired, but a complexing 
agent adheres to about [ being economically disadvantageous ] and a substrate front face, 
without acquiring the effectiveness of balancing the increment in concentration, when 
too high, and the danger of remaining after surface treatment increases. 
[0065] In addition, since the complexing agent contains metal impurities, such as FeAl 
of 1 - about 1000 ppm of numbers, and Zn, in the reagent usually sold, it can consider 
the case where the complexing agent used by this invention serves as a metal pollution 



15 



source. Although these metals form a complexing agent and a stable complex and exist 
in early stages, if a complexing agent decomposes while carrying out long duration use 
as a surface penetrant remover, they will separate and will adhere to a substrate front 
face. Therefore, as for the complexing agent used by this invention, it is desirable to use 
it, refining beforehand, and the content of each metal impurity contained - usually - 5 
ppm or less 1 ppm or less are preferably set to 0.1 ppm or less still more preferably. As 
the purification approach, after dissolving a complexing agent in acidity or an alkaline 
solution for example, filtration separation is carried out and an insoluble impurity is 
removed, and it neutralizes again, a crystal is deposited, and the method of separating 
the crystal concerned with liquid is suitable. 

[0066] Moreover, the penetrant remover of this invention may contain other 
components at a rate of arbitration in the range which does not spoil the engine 
performance, as other components - a sulfur^ontaining organic compound (2-mercapto 
thiazoline -) 2-mercapto imidazoline, 2-mercaptoethanol, the thioglycerol, etc., a 
nitrogen-containing organic compound (benzotriazol and alkyl benzotriazol -) A 
tetra-SOL, 3-aminotriazole, N3 (R is the alkyl group of carbon numbers 1^) (R), 
N(ROH) 3 (R is the alkyl group of carbon numbers 1^0, urea, thiourea, etc., A 
water-soluble polymer (a polyethylene glycol, polyvinyl alcohol, etc.), Anticorrosives, 
such as an alkyl alcoholic system compound (ROH (R is the alkyl group of carbon 
numbers 1^)), The etching accelerator which can expect the removal effectiveness, 
such as a polymer which adhered firmly, is mentioned after dry etching, such as 
dissolved gas, such as reducing agents, such as acids, such as a sulfuric acid and a 
hydrochloric acid, and a hydrazine, hydrogen, an argon, and nitrogen, fluoric acid, 
ammonium fluoride, and BHF. 

[0067] And oxidizers, such as a hydrogen peroxide, ozone, and oxygen, are also 
mentioned as other components which the penetrant remover of this invention is made 
to contain. In the washing process of the substrate for semiconductor devices, in case a 
silicon (BEASHIRIKON) substrate front face without an oxide film is washed, since the 
surface dry area by etching to a substrate front face can be stopped by combination of an 
oxidizing agent, it is desirable. When making the alkaline penetrant remover of this 
invention contain a hydrogen peroxide, hydrogen-peroxide concentration in a penetrant 
remover is usually preferably made into 0.1 - 1 % of the weight 0.01 to 5% of the 
weight. 

[0068] By the way, wiring of a semiconductor device and the device component 
electrode which consist of a metallic material which reacts with a hydrogen peroxide 
and dissolves may be exposed to the front face of the substrate to wash. As such a 
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metallic material, transition metals or transition-metals compounds, such as Cu and W, 
are mentioned, for example. Under the present circumstances, as for the penetrant 
remover used for washing, it is desirable not to contain a hydrogen peroxide 
substantially. The penetrant remover of this invention shows sufficient washing engine 
performance, without having a bad influence on such a metallic material, even if it does 
not contain a hydrogen peroxide substantially unlike the conventional APM penetrant 
remover. 

[0069] In addition, in the penetrant remover of this invention, it means not producing 
bad influences, such as corrosion, deterioration, etc. by the hydrogen peroxide, to wiring 
materials and electrode materials, such as the ingredient on the substrate washed saying 
"a hydrogen peroxide is not contained substantially", for example, Cu, and W, and the 
low dielectric constant film. That is, when these ingredients consider as a semiconductor 
device, it means fully functioning as wiring, an electrode, etc. For that purpose, it is so 
desirable that the content is stopped few even if a hydrogen peroxide is not contained in 
the penetrant remover of this invention, and it makes and being contained, the content — 
for example, 1 ppm 10 ppm or less are preferably set to 10 or less ppb still more 
preferably. 

[0070] The penetrant remover of this invention is used for washing on front faces of a 
substrate, such as the semi-conductor with which metal contamination and particle 
contamination pose a problem, glass, a metal, ceramics, resin, the magnetic substance, 
and a superconductor, especially — quantity — it is used suitable for washing on the 
front face for semiconductor devices of a substrate in the process which manufactures 
the substrates for semiconductor devices a semiconductor device, for display devices, 
etc. with which a pure substrate front face is demanded. Wiring, an electrode, etc. may 
exist in the front face of these substrates. As an ingredient of wiring or an electrode, 
metals, such as insulating material;W, such as semiconductor material;SiO(s)2, such as 
Si, germanium, and GaAs, silicon nitride, glass, a low dielectric constant ingredient, an 
aluminum oxide, transition-metals oxide (titanium oxide, tantalum oxide, an oxidization 
hafnium, zirconium dioxide, etc.), TiO(Ba, Sr) 3 (BST), polyimide, and organic 
thermosetting resin, and Cu, aluminum, or these alloys, silicide, a nitride, etc. are 
mentioned. A low dielectric constant ingredient is the generic name of the ingredient 
whose specific inductive capacity is 3.5 or less. Incidentally, the specific inductive 
capacity of Si02 is 3.8-3.9. 

[0071] Especially the penetrant remover of this invention is used suitable for washing of 
the substrate for semiconductor devices which has transition metals or a 
transition-metals compound on a front face. As transition metals, W, Cu, Ti, Cr, Co, Zr, 
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Hf, Mo, Ru, Au, Pt, Ag, etc. are mentioned, and the CH1TSU ghost of these transition 
metals, an oxide, silicide, etc. are mentioned as a transition-metals compound. In these, 
W and/or Cu are desirable. 

[0072] As a process which washes the substrate which has a tungsten, washing on the 
front face of a substrate which has a gate electrode, silicon, etc. at the time of using a 
tungsten as a gate electrode material is mentioned to a front face. Specifically, the 
washing process after forming the tungsten film in a semiconductor device, the washing 
process after carrying out dry etching of the tungsten film especially, and the washing 
process after carrying out an ion implantation to a silicon outcrop after that are 
mentioned. 

[0073] If the penetrant remover of this invention is used, even if it performs neither 
ultrasonic irradiation nor a brush scrub, a particle metallurgy group is removable. 
Therefore, the penetrant remover of this invention is suitable for washing of a gate 
electrode and a substrate front face when a possibility of breaking if ultrasonic cleaning 
and a brush scrub are performed forms a very detailed (for example, the width of face of 
a gate electrode is about 0.15 micrometers) large gate electrode with a tungsten. 
[0074] As a process which washes the substrate which has Cu, washing on the front face 
of a substrate which has Cu wiring, an interlayer insulation film, etc. at the time of using 
Cu as a wiring material is mentioned to a front face. Specifically, the washing process 
after forming Cu film in a semiconductor device especially the washing process after 
performing CMP (Chemical Mechanical Polishing) to Cu film, and the washing process 
after opening a hole in the interlayer insulation film on wiring by dry etching are 
mentioned. 

[0075] Moreover, the penetrant remover of this invention is used suitable also for 
washing of the substrate for semiconductor devices which has a low dielectric constant 
ingredient used as an interlayer insulation film ingredient on a front face. As a low 
dielectric constant ingredient, it is roughly divided into three with an organic polymer 
ingredient, an inorganic polymer (siloxane system) ingredient, and a porosity (porous) 
ingredient. As an organic polymer ingredient, Polyimide, BCB (Benzocyclobutene), 
Hare (Honeywell), SiLK (Dow Chemical), etc. are mentioned, and FSG (Fhiorinated 
silicate glass), BLACK DIAMOND (Applied Materials), Aurora (Japan ASM), etc. are 
mentioned as an inorganic polymer ingredient. 

[0076] The penetrant remover of this invention is used suitable for the surface washing 
of the substrate for semiconductor devices irrespective of the existence of the electrode 
in a substrate front face, or a wiring material as mentioned above. Also in it, the 
penetrant remover of this invention is used suitable for washing of the substrate for 
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semiconductor devices which the contact angle of the water in a substrate front face 
shows hydrophobicity 60 degrees or more. 

[0077] The preparation approach of the penetrant remover of this invention should just 
be conventionally based on a well-known approach. Any 2 components or three 
components or more in the constituent (for example, accepting a surfactant, ammonium 
hydroxide, water, and the need other components, such as a complexing agent) of a 
penetrant remover may be blended beforehand, the remaining components may be 
mixed after that, and all may be mixed at once. 

[0078] As mentioned above, also with the substrate for semiconductor devices which 
has a metallic material with low resistance in a front face to drug solutions, such as a 
future exotic material, i.e., a hydrogen peroxide etc., since the substrate penetrant 
remover for semiconductor devices of this invention does not corrode these exotic 
materials substantially, it turns into an usable penetrant remover which does the 
outstanding cleaning effect so at both a last process and a back process. 
[0079] That is, other summaries of this invention consist in the substrate penetrant 
remover for semiconductor devices which is characterized by filling the following 
conditions (a), (b), and (c) and which has a semiconductor device electrode or metal 
wiring on a front face at least. 

[0080] (a) Don't corrode a semiconductor device electrode and metal wiring 
substantially. 

(b) When the amount of contamination metals washes the substrate which are 
1000-5000 (xlOlO atoms/cm2), the amount of contamination metals after washing is 
below ten (x 1010 atoms/cm2). 

(c) [ when the approximate circle configuration substrate front face of the radius r which 
has particle with a particle size of 0.1 micrometers or more 8000-100000 (an individual 
/ 0.03m2) is washed between t (minute) ] The particle number within the periphery on 
the substrate front face which makes a substrate and a core the same is 800/t or less 
piece within the periphery of periphery radius 0.6r after washing within 200/t or less 
piece or the periphery of periphery radius 0.9r in the case of t=0.5-l. 

[0081] In addition, a convention of the above^nentioned (b) and (c) is not what 
specified the property of the penetrant remover of this invention and specified the 
washing conditions for which the penetrant remover of this invention is used. Moreover, 
in the penetrant remover of this invention, semiconductor device electrode metallurgy 
group wiring on the substrate washed saying "a semiconductor device electrode and 
metal wiring are not corroded substantially", and when it does not produce bad 
influences, such as corrosion and deterioration, and these ingredients specifically 
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consider as a semiconductor device to electrode materials and wiring materials, such as 
W and Cu, it means fully functioning as an electrode, wiring, etc. 

[0082] In the penetrant remover of above-mentioned this invention, filling conditions 
(b) and (c) shows that it is possible to fully remove metal contamination, particle 
contamination, and any contamination. 

[0083] In case the candidate for washing is the front face of an approximate circle 
tabular substrate, i.e., an approximate circle configuration substrate front face, even if 
conditions (c) are short-time washing, they do not call at the location on the front face 
of a substrate, but mean that a substrate front face can be defecated to altitude, that is, 
the approximate circle configuration substrate front face of the radius r which has 
particle with a particle size of 0.1 micrometers or more 8000-100000 (an individual / 
0.03m2) - a part for washing time amount t:0.5 - 1 [-] - ******, after washing Within 
the periphery of periphery radius 0.6r on the substrate front face made the same which is 
the inner circumference section comparatively, a substrate and a core Particle is made 
into 800/t or less piece also into the periphery of periphery radius 0.9r which removes 
the particle which remains to 200/t or less piece, and contains even the periphery section 
comparatively, and it means that a substrate front face can be defecated to altitude. 
[0084] moreover, it can set to the substrate penetrant remover for semiconductor devices 
of this invention mentioned above - "- the case where it washes - setting - " - it is 
shown by the washing approach which is mentioned later that it is the case where a 
penetrant remover washes the substrate for semiconductor devices. The washing 
approach will not usually be limited, especially if it is the approach which may be 
adopted at the time of washing of the substrate for semiconductor devices. Especially, 
the contact approach to the substrate of a penetrant remover makes a penetrant remover 
on a substrate the spin type which carries out high-speed rotation of the substrate with a 
sink, and since the result by which considering as the range of room temperature -90 
degree C was stabilized is obtained, whenever [ solution temperature / of a penetrant 
remover ] is desirable. 

[0085] Furthermore, since the washing result of having been stabilized more by 
adopting mechanical cleaning, such as scrub washing which used the washing approach 
by physical force, for example, a washing brush, ultrasonic cleaning which irradiates a 
supersonic wave with a frequency of 0.5MHz or more at a substrate, the washing 
approach which uses these together, etc. is obtained in the case of washing, it is 
desirable. 

[0086] The washing approach of this invention is performed by the approach of 
contacting a penetrant remover to a substrate directly. The DIP type which a penetrant 
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remover is filled [ type ] to a cleaning tank and makes a substrate immersed in the 
contact approach to the substrate of a penetrant remover, the spin type which carries out 
high-speed rotation of the substrate for a penetrant remover with a sink on a substrate 
from a nozzle, the spray ceremony which sprays and washes liquid at a substrate are 
held. There are a batch type washing station which washes to coincidence two or more 
substrates held in the cassette as equipment for performing such washing, a 
single-wafer-processing washing station which equips an electrode holder with one 
substrate and washes it. 

[0087] In the case of a batch type washing station, in the case of a 
single-wafer-processing washing station, washing time amount is usually 5 minutes 
from 5 seconds preferably from 1 second from 30 seconds for 15 minutes for 1 to 15 
minutes for 30 minutes. When too long [ when washing time amount is too short, a 
cleaning effect is not enough, and ], the improvement in a cleaning effect is small and 
causes the fall of a throughput. Although the penetrant remover of this invention is 
applicable to any above^nentioned approach, it is preferably used for washing of a spin 
type or a spray type from the point which can perform more efficient decontamination 
for a short time. And if compaction of ** and washing time amount and reduction of the 
amount of the penetrant remover used apply to the single-wafer^)rocessing washing 
station which poses a problem, since these problems are solved, it will be desirable. 
[0088] Although temperature of a penetrant remover is usually made into a room 
temperature, it is the purpose which raises a cleaning effect and it is desirable to warm 
at about 40-70 degrees C. Furthermore, when washing the substrate which silicon has 
exposed to a front face, in order that organic substance contamination may tend to 
remain on a silicon front face, it is desirable to offer and carry out the pyrolysis of the 
substrate to heating down stream processing with a temperature of 300 degrees C or 
more, or to carry out the oxidative degradation place of the organic substance by ozone 
water treatment. 

[0089] Moreover, as for the washing approach of this invention, it is desirable to make it 
use together with mechanical cleaning, such as scrub washing which used the washing 
approach by physical force, for example, a washing brush, or ultrasonic cleaning. If 
ultrasonic irradiation or a brush scrub is especially used together, since the removal 
nature of particle contamination improves further and leads also to compaction of 
washing time amount, it will be desirable. It is desirable to wash by washing after CMP 
especially using the brush made of resin. 

[0090] Although the quality of the material of the brush made of resin can be chosen as 
arbitration, it is desirable to use PVA (polyvinyl alcohol), for example. Moreover, if a 
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supersonic wave with a frequency of 0.5MHz or more is irradiated at a substrate, since 
the removal nature of particle improves remarkably according to a synergism with a 
surface active agent, it will be desirable. Furthermore, washing by the electrolysis ion 
water obtained by the electrolysis of water or the hydrogen water which made hydrogen 
gas dissolved in water may be combined before the washing approach of this invention, 
and/or with the back. 
[0091] 

[Example] Next, it is not limited by the following examples unless this invention 
exceeds the summary according to an example, although this invention is explained 
concretely. 

[0092] The 8 inch silicon substrate (disc4ike substrate whose radius r is 4 inches) 
examples 1 and 2 and the example 1 of a comparison - with 3 (detergency evaluation of 
the particle contamination by scrub type washing) low dielectric constant film (SiOC: 
carbon content Si02) was immersed in the Si02 slurry solution for 10 minutes. The 
substrate after immersion was rinsed for 1 minute with ultrapure water, and spin 
desiccation was carried out with the multi-spinner (Made in Khai Joe "KSSP-201"). 
Then, it checked that measured the particulate number adhering to a substrate front face, 
and Si02 particle 0.2 micrometers or more had adhered more than fixed quantity 
(however, an upper limit 100000 pieces) with laser surface-analysis equipment 
("LS-5000" by Hitachi Electronics Engineering). 

[0093] The penetrant remover shown in Table 1 was used, with the above-mentioned 
multi-spinner, brush scrub washing of the above-mentioned Si02 particle adhesion 
substrate was carried out with the brush made from PVA, and particle was removed. 
Washing by the penetrant remover was performed for 1 minute at the room temperature. 
Then, after ultrapure water washed the substrate for 1 minute, spin desiccation was 
carried out and the washed substrate was obtained. A result is shown in Table 1 . 
[0094] 
[Table 1] 
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[0095] examples 3-6 and the examples 4-8 (detergency evaluation of the particle 
contamination by scrub type washing) of a comparison — the Si02 particle adhesion 
substrate was first created like the example 1. Subsequently, the penetrant remover 
shown in Table 2 was used, except having set washing time amount as for 0.5 minutes, 
the Si02 particle adhesion substrate was washed like the example 1, and the washed 
substrate was obtained. A result is shown in Table 2. 

[0096] Wettability evaluation in Table 2 was performed by the following approach. 
Namely, it soaks at right angles to each penetrant remover given [ the piece of a test 
(2cm angle) with the low dielectric constant film (SiOC: carbon content Si02) ] in 
Table 2. The piece of a test was perpendicularly pulled out after 0.5 minutes, and the 
rate of area that the penetrant remover to the whole surface product of the piece of a test 
was attached estimated. The valuation basis was made into more than O:80%, less than 
[ more than **:50%80% ], and less than [ x:50% J. 
[0097] 
[Table 2] 
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[0098] After carrying out surface treatment of the 8 inch silicon substrate (disc-like 
substrate whose radius r is 4 inches) an example 7 - with 10 (detergency evaluation of 
the particle contamination by scrub type washing) low dielectric constant film (SiOC: 
carbon content Si02) for 1 minute by fluoric acid 0.5% of the weight, it was immersed 
in the Si02 slurry solution for 10 minutes. The substrate after immersion was rinsed for 
1 minute with ultrapure water, and spin desiccation was carried out with the 
multi-spinner (Made in Khai Joe "KSSP-201"). Then, the particulate number which 
adhered to the substrate front face with laser surface-analysis equipment ("LS-6600" by 
Hitachi Electronics Engineering) was measured, and it checked that Si02 particle 0.11 
micrometers or more had adhered more than fixed quantity (however, an upper limit 
100000 pieces). 

[0099] The penetrant remover shown in Table 3 was used, with the above-mentioned 
multi-spinner, brush scrub washing of the above-mentioned Si02 particle adhesion 
substrate was carried out with the brush made from PVA, and particle was removed. 
Washing by the penetrant remover was performed for 0.5 minutes at the room 
temperature. Then, after ultrapure water washed the substrate for 1 minute, spin 
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desiccation was carried out and the washed substrate was obtained. A result is shown in 



Table 3. 
[0100] 
[Table 3] 
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[0101] examples 11 and 12 and the example 9 (detergency evaluation of the particle 
contamination by scrub type washing) of a comparison — the Si02 particle adhesion 
substrate was first created like the example 1. Subsequently, the penetrant remover 
shown in Table 4 was used, except having set washing time amount as for 0.5 minutes, 
the Si02 particle adhesion substrate was washed like the example 1, and the washed 
substrate was obtained. A result is shown in Table 4. 
[0102] 
[Table 4] 
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[0103] The 4 inch silicon substrate (disc-like substrate whose radius r is 2 inches) to 
which the thermal oxidation film with a thickness of about lOOnm was attached to the 
example 13 and the example of comparison 10 substrate front face was exposed into 
atmospheric air for 3 hours, and the suspended matter in mind was made to adhere. As a 
result of measuring with substrate surface-analysis equipment ("LS-5000" by Hitachi 
Electronics Engineering), particle with a particle size of 0.2 micrometers or more was 
carrying out 10,000 or more (however, upper limit 100000 pieces) piece adhesion at the 
base, the stream by the pure water during 10 minutes after carrying out immersion 
processing of this substrate for 10 minutes each at each penetrant remover given in 
Table 3 by which temperature control was carried out to 50 degrees C - it washed and 
dried with the spin dryer. The measurement result of the number of particle which 
remains on the substrate after washing processing is shown in Table 5. 
[0104] In example of comparison 11 example 13, except having used the solution (APM 
penetrant remover) which mixed an ammonium hydroxide water solution, 50-% of the 
weight hydrogen peroxide solution, and ultrapure water by the capacity factor 1:4:20 
29% of the weight, and was prepared as a penetrant remover, it carried out like the 
example 13 and evaluated. A result is shown in Table 5. 

[0105] Although the penetrant remover of the example 11 of a comparison has 
comparatively few adhesion particle numbers after washing, since a hydrogen peroxide 
is included in a penetrant remover, it cannot perform application to a future exotic 
material, but becomes unusable in the future. 
[0106] 
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[Table 5] 







PH 


0.2fi mJSUt : 








m 


n 


m/n 




as 


ppm 








C^CKC^O),,!! 


12 


11 


1.1 


25 


NH<OH 


2800 


11.3 


>10000 


756 


JfcSfcWlO 












NII«OH 


2800 


11.3 


1866 


iblfcAJll 












APM 


6000 


10.3 


1145 



apm : 2 9lt%7>^e-r*> 3 om&%mtiVm*& x tf*fc**$SJfc i : 2 : 4 o-c^L^S 

tfc*£iSjK : 5 or. ftWfflt : 1 0# {^yViJv h I 1 0mm) 

[0107] The substrate from which immersion processing of the 4 inch silicon substrate 
(disc-like substrate whose radius r is 2 inches) to which an example 14 and the example 
12 of a comparison - 14 natural oxidation film were attached was carried out for 5 
minutes 0.5% of the weight at HF water solution, and the scaling film was removed was 
obtained, the stream carry out immersion processing of this for 10 minutes at each 
penetrant remover given in Table 4 by which Silicon(IV) Nitride particle (product made 
from Johnson Matthey n Stk#12145") 0.02 g/L was added, and temperature control was 
carried out to 50 degrees C, and according to after and the pure water during 5 minutes 
— it washed and dried with the spin dryer. With substrate surface-analysis equipment 
("LS-5000" by Hitachi Electronics Engineering), the number of particle with a particle 
size of 0.2 micrometers or more which remains on the substrate after washing 
processing was measured. A result is shown in Table 6. 
[0108] 
[Table 6] 
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[0109] The 4 inch silicon substrate (disc-like substrate whose radius r is 2 inches) which 
removed the surface natural oxidation film was prepared for the example 15 and the 
15,160.5 % of the weight HF water solution of examples of a comparison by carrying 
out immersion processing for 5 minutes, the stream by the pure water during 5 minutes 
after carrying out predetermined time immersion processing of this at a penetrant 
remover given in each table 5 by which temperature control was carried out - it washed 
and dried with the spin dryer, after substrate desiccation - immediately - an atomic 
force microscope (Nano ScopeHIa made from Digital  Instruments) - the Z-*xis 
on the front face of a substrate - Rms (nm) which is the standard deviation of a 
variation rate was measured. A result is shown in Table 7. 

[0110] It is a deed about evaluation according to viewing about the surface dry area of 
the above-mentioned substrate. The following result was obtained. That is, in the case of 
the examples 15 and 16 of a comparison, a surface dry area like the interference fringe 
covering countless crater-like irregularity with a diameter of about about l-10mm and 
the whole substrate front face was observed on the substrate front face, but in the case 
of the example 15, it was not observed. 
[0111] 
[Table 7] 
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[0112] The piece of a test of the polycrystal polish recon of about lOOnm of thickness 
which removed the scaling film was prepared for examples 16-19 and the 17 - 190.5 % 
of the weight HF water solution of examples of a comparison by carrying out 
immersion processing for 5 minutes, the stream by the pure water during 5 minutes after 
carrying out immersion processing of this piece of a test for 10 minutes at each 
penetrant remover given in Table 6 by which temperature control was carried out to 50 
degrees C — it washed and dried by the nitrogen blow. The thickness of polycrystal 
polish recon was measured with the optical interference type thickness measurement 
vessel (the "nano spec. L-6100" by the nano metrics company). The etching rate was 
computed from the thickness measurement before and behind washing processing. A 
result is shown in Table 8. 
[0113] 
[Table 8] 
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[0114] The piece of a test of the tungsten of about lOOnm of thickness which removed 
the scaling film was prepared for the example 20 and the 10.3 % of the weight aqueous 
ammonia solution of examples of reference by carrying out immersion processing for 5 
minutes, the stream by the pure water during 5 minutes after carrying out immersion 
processing of this piece of a test for 10 minutes at each penetrant remover given in 
Table 9 by which temperature control was carried out to 40 degrees C — it washed and 
dried by the nitrogen blow. The thickness of a tungsten used total reflection 
fluorescence X rays (product made from Jeol "RIX-3000"), and drew them by the 
conversion from reflectivity. The etching rate was computed from the thickness 
measurement before and behind washing processing. A result is shown in Table 9. 
[0115] Here, it turns out that an example 20 is compared with the example 1 of 
reference, and the penetrant remover of this invention controls the etching rate on the 
front face of a substrate to a mere alkali water solution, and it excels as a substrate 
penetrant remover for semiconductor devices the clear passage. 

[0116] In example of comparison 20 example 20, except having used the same APM 
penetrant remover as the example 11 of a comparison as a penetrant remover, it carried 
out like the example 20 and evaluated. A result is shown in Table 9. 
[0117] 
[Table 9] 



30 







PH 


(nm/m i n) 








m 


n 


ra/n 


«& 

ppm 




as 

ppm 






12 


11 


1.1 


25 


NH,OH 


2800 


11.3 


0.071 
















2800 


11.3 


0.080 














APM 


6000 


10.4 


>10 



APM : 2 9«4%7^*-7*. 3 0S*%SSffcic5fctc:& t lf*b*t*#fiifc 1 : 2 : 4 0tfi^Lfc»« 

KksaK: 4 ot, mtftm t : 1 o# 



[0118] The example 21 and the 214 inches silicon substrate (disc-like substrate whose 
radius r is 2 inches) of examples of a comparison were immersed in the APM penetrant 
remover containing a metal ion (Fe, Cu). This APM penetrant remover mixed aqueous 
ammonia, 31-% of the weight hydrogen peroxide solution, and water by the capacity 
factor 1:1:5 29% of the weight, and it added and prepared the metal ion content water 
solution so that a metal content might serve as Fe (20ppb) and Cu (1 ppm) at this. The 
silicon substrate after immersion was rinsed for 10 minutes with ultrapure water, it dried 
by nitrogen blow, and the silicon substrate polluted with the metal was obtained. 
[0119] The polluted silicon substrate and the silicon substrate after washing performed 
analysis of the contamination metal on this silicon substrate (Fe, Cu) by the following 
approach. That is, it collects by processing a substrate in the water solution which 
contains 0.1 % of the weight of fluoric acid, and 1 % of the weight of hydrogen 
peroxides for the metal in a substrate front face, the amount of metals is measured with 
an inductively^oupled-plasma-source^ass-spectrometry plan (ICP-MS), and it 
converts into the metal concentration (atoms/cm2) on the front face of a substrate. 
[0120] The penetrant remover which shows washing of the above-mentioned silicon 
substrate polluted with the metal in Table 10 was used, and it considered as penetrant 
remover temperature [ of 60 degrees C ], and washing time amount 10 minutes, and 
carried out by the DIP type cleaning method. The analysis result of the polluted silicon 
substrate and the residual metal (Fe, Cu) of a washed silicon substrate surface are shown 
in Table 10. 
[0121] 
[Table 10] 
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[0122] It is clear from the above result the penetrant remover's of this invention to excel 
in the removal nature of the particle (particle) adhering to the low dielectric constant 
film which is hydrophobicity. Moreover, it compares with the conventional washing 
approach by the ammonium hydroxide solution or the APM solution, and it turns out 
that it has the more excellent removal nature also to the particle affix of the suspended 
matter origin in mind. 

[0123] Similarly, even if a particle (particle) etc. mixes in a system, it becomes possible 
by removing by the washing approach of this invention to control adhesion in a 
substrate. Furthermore, it becomes as compared with the conventional washing 
approach, it is possible to control very small the roughness on the front face of silicon 
(front face that) also in an alkaline penetrant remover, and possible for there to be 
almost no side effects, such as polish recon and a processing dimensional change by 
etching to a tungsten, and to be compatible in detergency, roughness control, and low 
etching nature. 

[0124] And even if the penetrant remover of this invention is a substrate for 
semiconductor devices which has an ingredient with low resistance in a front face to 
drug solutions, such as a hydrogen peroxide, it is clear to both a last process and a back 
process that it is the usable penetrant remover which does the outstanding cleaning 
effect so. 
[0125] 

[Effect of the Invention] According to the penetrant remover of this invention, in the 
substrate for semiconductor devices which has insulating materials, such as 
semiconductor materials, such as silicon, silicon nitride, silicon oxide, glass, and a low 
dielectric constant ingredient, transition metals, or a transition-metals compound all 
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over surface [ a part of ], also when washing removes effectively the particle (particle) 
adhering to a substrate front face, organic contamination, and metal contamination and a 
particle etc. mixes in a system, adhesion control is possible. Wettability of the 
hydrophobic low dielectric constant ingredient which is especially easy to crawl a drug 
solution is improved, and it excels in detergency. Moreover, it is possible for it to be 
compatible also in an alkaline penetrant remover in the roughness control on the front 
face of silicon and low etching nature in addition to detergency, and it is very useful 
industrially as the surface treatment approaches for [ in production processes such as a 
semiconductor device and a display device, ] contamination washing etc. 

TECHNICAL FIELD 

[Field of the Invention] This invention relates to the penetrant remover used for washing 
on front faces of a substrate, such as the semi-conductor with which metal 
contamination and particle contamination pose a problem, glass, a metal, ceramics, resin, 
the magnetic substance, and a superconductor, about the penetrant remover and the 
washing approach of the substrate for semiconductor devices, detailed — this invention 
— quantity — it is related with the penetrant remover and the washing approach for 
washing the substrate front face for semiconductor devices in the process which 
manufactures the substrates for semiconductor devices a semiconductor device, for 
display devices, etc. that a pure substrate front face is required. 

[0002] Especially the penetrant remover and the washing approach of this invention 
Semiconductor materials, such as silicon, Insulating materials, such as silicon nitride, 
silicon oxide, glass, and a low dielectric constant (Low-k) ingredient, In the substrate 
for semiconductor devices which has transition metals or a transition-metals compound 
all over surface [ a part of ] Organic contamination of a minute particle (particle) like 
the silica particle adhering to a substrate front face, an alumina particle, and an organic 
substance particle, resist residue, etc. and metal contamination are removed and 
combined, and the reattachment is controlled, and it can defecate to altitude, without 
causing the dry area and corrosion on the front face of a substrate. 

PRIOR ART 

[Description of the Prior Art] At the production process of semiconductor devices, such 
as flat^>anel displays, such as TFT liquid crystal, a microprocessor, memory, and CCD, 
pattern formation and thin film formation are performed on substrate front faces, such as 
silicon, silicon oxide (Si02), and glass, with the dimension of submicron one thru/or a 
quarter micron. Therefore, in each process of these manufactures, the slight 
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contamination on the front face of a substrate concerned is also removed, and it has 
been a very important technical problem to defecate a substrate front face to altitude. 
Also in contamination, especially the particle contamination and metal contamination 
that are minute contamination are difficult to remove the all. However, in order for 
electrical characteristics and the yield of a semiconductor device to fall by this 
contamination, before carrying such contamination into degree process, it is necessary 
to remove as much as possible. And generally washing on the front face of a substrate 
by the penetrant remover is carried out to removal of such contamination. 
[0004] In recent years, in manufacture of a semiconductor device, much more 
improvement in a throughput and production increase in efficiency are demanded. And 
about the substrate for semiconductor device manufacture which is in detailed4zing and 
a high integration inclination increasingly, it excels not only in the removal nature of the 
particle contamination on the front face of a substrate, and metal contamination but in 
the reattachment tightness after removal, and the penetrant remover and the washing 
approach of defecating a substrate front face to altitude quickly are desired. 
[0005] Generally, it is known as a penetrant remover used for removal of particle 
contamination that an alkaline water solution is effective. Alkaline water solutions, such 
as an aqueous ammonia solution, a potassium4iydroxide water solution, and a 
tetramethylammonium hydroxide water solution, are used for washing on the front face 
for semiconductor devices of a substrate. Moreover, washing (it is called "SOI 
washing" or "APM washing".) by the penetrant remover (it is called "SC-1 penetrant 
remover" or an "APM penetrant remover".) containing ammonia, a hydrogen peroxide, 
and water is also used widely (for example, nonpatent literature 1 reference). 
[0006] And recently, that the engine performance of such an alkaline penetrant remover 
should be improved, etching on the front face for semiconductor devices of a substrate 
is specifically controlled, a surface dry area is controlled, and the wettability on the 
front face of a substrate is also raised, and adding various surfactants to an alkaline 
penetrant remover for the purpose of raising the removal nature of particle 
contamination etc. is proposed variously. 

[0007] For example, in order to control the dry area on the front face of a substrate by 
the penetrant remover, a surfactant is added in an alkaline hydrogen-peroxide-solution 
solution, and making the contact angle of the penetrant remover to a substrate front face 
into 10 or less degrees is proposed (for example, patent reference 1 reference). 
Moreover, in order to raise the wettability of the penetrant remover on the front face of a 
substrate, the hydrogen^eroxide content alkalinity penetrant remover which added the 
ethyleneoxide addition type non-ion system surfactant whose numbers of addition mols 
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of ethyleneoxide are 3-10 is proposed (for example, patent reference 2 reference). 
[0008] Moreover, in order to control etching of the front face of the silicon substrate 
which is a typical semiconductor device substrate, adding various surfactants to an 
alkaline penetrant remover is proposed (for example, patent reference 3 reference). In 
order to raise the removal engine performance of organic substance contamination 
especially, the penetrant remover used for washing of the substrate for semiconductor 
devices containing a specific surface active agent is proposed (for example, patent 
reference 4 reference). For the reason on a decontamination disposition, adding 
alkylbenzene sulfonic acid to a hydrogen^eroxide content alkalinity penetrant remover 
is also proposed (for example, patent reference 5 reference). Moreover, for the reason 
on a particle removal disposition, adding the fluorochemical surfactant which consists 
of a fluoro alkyl sulfonamide compound to an APM penetrant remover is also proposed 
(for example, patent reference 6 reference). 

[0009] Moreover, in washing of the substrate for semiconductor devices, an acid 
penetrant remover is also useful in addition to the alkaline above-mentioned penetrant 
remover. Generally, although the acid penetrant remover is effective in the metal 
decontamination on the front face of a substrate, adding various surfactants also to an 
acid penetrant remover for the purpose of the removal disposition top of particle 
contamination etc. is proposed from it being unsuitable for removal of particle 
contamination. For example, washing a silicon wafer using a specific surfactant and a 
specific hydrofluoric acid is proposed (for example, patent reference 7 reference). 
[0010] Moreover, adding a surfactant and ozone in the fluoric acid water solution used 
for washing of a silicon wafer is proposed (for example, patent reference 8 reference). 
Adding an organic-acid compound to a dispersant and/or a surfactant is also proposed 
for removal of the metal impurity which stuck to the substrate which has metal wiring 
on a front face, and particle contamination (for example, patent reference 9 reference). 
[0011] Moreover, virgin metal group ingredients, such as copper (Cu) and a tungsten 
(W), are newly being introduced with detailed^zing and quantity lamination of a 
semiconductor device in recent years as wiring (only henceforth "wiring") and the 
metallic material used for the electrode (only henceforth an "electrode") in a 
semiconductor device which connects between the minute semiconductor devices in a 
semiconductor device. Specifically as a wiring material, Cu with low resistance is being 
adopted from the aluminum (aluminum) which was used from the former and to which 
it came. 

[0012] Moreover, the interlayer insulation film between the semiconductor devices 
which have a laminated structure is mentioned as other new ingredients. The low 
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dielectric constant film which used the film which consists of the organic polymer 
ingredient and inorganic polymer ingredient with a dielectric constant lower than Si02 
film currently used from the former as this interlayer insulation film is being adopted. 
Among the production process of a semiconductor device, in case this interlayer 
insulation film is the washing process (it may be hereafter called a "back process") of 
the substrate performed after metal wiring is formed in that front face, it is exposed on a 
substrate with wiring. 

[0013] Moreover, a tungsten is being introduced into an electrode as an electrode 
material with it. [ low resistance and ] [ advantageous to micro processing ] In case an 
electrode is the washing process (it may be hereafter called a "last process") of the 
substrate before metal wiring formation, it is usually exposed on a substrate front face. 
Since all the substrate front faces washed in a last process consisted of Si compounds 
conventionally and a semiconductor device was affected also for slight contamination, 
the substrate front face needed to be defecated to altitude. Therefore, powerful washing 
by RCA washing was indispensable. 

[0014] In recent years, adaptation of various proposals which carried out point ** is 
tried that a substrate which an exotic material which was mentioned above has exposed 
to a front face should be washed to altitude. 
[0015] 

[Nonpatent literature 1] W. Kern and D.A.Puotinen: RCA Review, p. 187, June [(1970) 
patent reference 1] JP,5-335294,A [the patent reference 2] The patent No. 3169024 
official report [the patent reference 3] JP,2001^10389,A [the patent reference 4] 
JP,11-121418,A [the patent reference 5] JP,7-245281,A [the patent reference 6] 
Jpl5-251416,A [the patent reference 7] JP,7-216392,A [the patent reference 8] 
JP,8-69990,A [the patent reference 9] JP,200 1-7071, A 

EFFECT OF THE INVENTION 

[Effect of the Invention] According to the penetrant remover of this invention, in the 
substrate for semiconductor devices which has insulating materials, such as 
semiconductor materials, such as silicon, silicon nitride, silicon oxide, glass, and a low 
dielectric constant ingredient, transition metals, or a transition-metals compound all 
over surface [ a part of ], also when washing removes effectively the particle (particle) 
adhering to a substrate front face, organic contamination, and metal contamination and a 
particle etc. mixes in a system, adhesion control is possible. Wettability of the 
hydrophobic low dielectric constant ingredient which is especially easy to crawl a drug 
solution is improved, and it excels in detergency. Moreover, it is possible for it to be 
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compatible also in an alkaline penetrant remover in the roughness control on the front 
face of silicon and low etching nature in addition to detergency, and it is very useful 
industrially as the surface treatment approaches for [ in production processes such as a 
semiconductor device and a display device, ] contamination washing etc. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] At the conventional back process which used 
aluminum wiring, since the effect of metal contamination was low compared with that 
aluminum wiring is weak to strong acid or a strong base, and a last process, only easy 
washing by ultrapure water or the organic solvent was performed. However, when Cu 
was used instead of aluminum, the two following problems newly arose. 
[0017] In the first place, in the first place, Cu was one of the pollutants disliked most for 
Si, its diffusion rate of Cu in the oxide film on the front face of a semiconductor device 
(Si02 film) was quick, and it had become a problem to exceed aluminum you to be 
Haruka whenever [ bad influence ]. 

[0018] The point that second dry etching cannot do Cu unlike aluminum is a problem, 
the approach of performing Cu plating to the insulator layer which trenched, forming 
wiring beforehand (in order forming Cu wiring), and subsequently shaving off a 
garbage by approaches, such as CMP (Chemical Mechanical Polishing), in order to 
form wiring by Cu, and the so-called DAMASHIN — wiring formation by law must be 
carried out. 

[0019] It poses a problem that the polish particle in the slurry used for a lot of Cu and 
CMP (particle represented by the aluminum oxide particle etc.) pollutes Cu wiring and a 
low dielectric constant film front face with the wiring formation by the 
above-mentioned DAMASHIN method. By easy washing by ultrapure water or the 
organic solvent, the contamination on such a front face of a substrate could not be 
removed, but has already been a serious problem. 

[0020] When the conventional RCA washing by strong acid or the strong base was 
performed to the above contamination, the problem of dissolving to a hydrogen 
peroxide had newly produced virgin metal group ingredients, such as Cu and W. And 
further, since a low dielectric constant film front face is hydrophobicity, the wettability 
of a penetrant remover is bad, and crawls a penetrant remover, and it has the problem of 
being [ fully ] especially hard to remove removal of particle contamination. 
[0021] Therefore, at the washing process of a substrate of having the above exotic 
materials on a front face, serious problems — it will become impossible to wash [ which 
used the RCA penetrant remover containing hydrogen peroxide solution ] from now on 
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— have arisen, and in washing the substrate which has a weak virgin metal group 
ingredient on a front face in drug solutions, such as a hydrogen peroxide, development 
of a new penetrant remover is desired strongly. 

[0022] On the other hand, the development of the penetrant remover which contains a 
surfactant like which mentioned above has been made. However, there was no penetrant 
remover which reattachment prevention is fully made and is satisfied with following the 

(1) - (3) of the technical problem of a publication with metal decontamination and 
particle decontamination by this, and it had become a technical problem in the surface 
washing of a substrate. 

[0023] (1) a room temperature or warming — sometimes, cause neither washing 
performance degradation nor the residual of the oil droplet on the front face of a 
substrate, without a surfactant's serving as an oil droplet and doing deposit and nebula 
of into a penetrant remover. 

(2) Fizz be small and don't have a bad influence on actuation of a washing station. 

(3) A surfactant is the matter which does not have a bad influence on natural 
environment, and washing waste fluid can process appropriately. 

[0024] For example, since an anion system surfactant generally does not have a cloudy 
point, a high cleaning effect is expected, and it can use the temperature of a penetrant 
remover, making it high (for example, 80 degrees C or more). However, since it is high 
fizz, there is a possibility of having a bad influence on the operability in a washing 
station. 

[0025] Moreover, a non-ion system surfactant has the high washing engine performance, 
and although it is low fizz, generally a cloudy point is low. Therefore, when a high 
cleaning effect is expected and it washes by making temperature of a penetrant remover 
high, this surfactant appears as the shape of an oil droplet in a penetrant remover, and 
there is a problem of remaining on a substrate. 

MEANS 

[Means for Solving the Problem] this invention persons examined wholeheartedly the 
substrate penetrant remover for semiconductor devices which uses a surface active 
agent about the technical problem mentioned above. Its attention was paid to the surface 
active agent especially used for a penetrant remover, and the ethyleneoxide mold 
surface active agent which is especially a non-ion system surface active agent. 
[0027] An ethyleneoxide mold surface active agent has a hydrocarbon group and a 
polyoxyethylene radical in the same molecular structure, the ratio (m/n) of the carbon 
number (m) by which this invention persons are contained in a hydrocarbon group in 
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the ethyleneoxide mold surface active agent of such structure, and the number of the 
oxyethylene radicals in a polyoxyethylene radical (n) — 1-1.5, and a carbon number (m) 
— the oxyethylene in 9 or more and a polyoxyethylene radical — the base (n) paid its 
attention to the surface active agent of specification within the limits which fulfills 
seven or more conditions. 

[0028] Under a room temperature and the condition of atmospheric pressure, many of 
ethyleneoxide mold surfactants of this specification within the limits are solid-states, 
and its solubility to water is low. Therefore, such an ethyleneoxide mold surfactant was 
dealt with in the industrial production process, the sex was low and use was avoided. 
However, a hydrogen peroxide was not contained unexpectedly and substantially but, as 
for the substrate penetrant remover for semiconductor devices containing the alkali or 
the organic acid which was made to carry out heating melting, was dissolved in water, 
and prepared such an ethyleneoxide mold surfactant of specific within the limits, ** 
also showed the good washing engine performance. From the general contamination 
cleaning effect, it especially excelled in the detergency (particle removal nature of 
particle-size the order of 0.1 micrometers) over minute particle contamination which 
cannot be predicted. And the above^nentioned substrate penetrant remover for 
semiconductor devices tended to crawl an aquosity penetrant remover for 
hydrophobicity, and did so the cleaning effect which showed sufficient wettability also 
to the low dielectric constant film front face where particle removal nature is low, and 
was excellent to it. this invention persons came to complete a header and this invention 
for these things. 

[0029] That is, the summary of this invention consists in the washing approach which 
uses the penetrant remover and the penetrant remover concerned of the substrate for 
semiconductor devices characterized by containing the following components (A), (B), 
and (C) at least. 

[0030] component (A): — the hydrocarbon group and polyoxyethylene radical which 
may have the substituent (except for a phenyl group) — having — the carbon number in a 
hydrocarbon group (m), and the oxyethylene in a polyoxyethylene radical — the ratio 
(m/n) of the base (n) — 1-1.5 — it is — a carbon number (m) — 9 or more and 
oxyethylene — the ethyleneoxide mold surfactant whose base (n) is seven or more. 
(Component B): Water component (C): Alkali or an organic acid [0031] 
[Embodiment of the Invention] Hereafter, this invention is explained to a detail. At least, 
the penetrant remover of this invention contains water as a specific surfactant and a 
component (B) as a component (A), and contains alkali or an organic acid as a 
component (C). 
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[0032] the hydrocarbon group and polyoxyethylene radical on which the surfactant used 
as a component (A) may have the substituent (except for a phenyl group) in this 
invention — having — the carbon number in a hydrocarbon group (m), and the 
oxyethylene in a polyoxyethylene radical — the ratio (m/n) of the base (n) — 1-1.5 — it is 
— a carbon number (m) —9 or more and oxyethylene — the base (n) is the ethyleneoxide 
mold surfactant which is seven or more. 

[0033] When the above-mentioned ratio (m/n) is less than one, it becomes inadequate 
corrosion controlling [ of particle removal capacity or silicon ] in liquid. Moreover, the 
load of the soluble fall to the water by the increase of oxyethylene chain length and 
waste fluid processing also increases. On the other hand, when exceeding 1.5, the 
emulsion of an O/W mold is formed in lye at the time of washing, and a surfactant 
serves as a fine oil droplet, it deposits and becomes cloudy, and problems, such as 
washing performance degradation and a residual of an oil droplet, are caused. Ratios 
(m/n) are 1-1.4 preferably. 

[0034] When the above-mentioned carbon number (m) is less than nine, even if a ratio 
(m/n) is said optimal within the limits, particle removal nature falls. Moreover, when 
(m) is too large, since the soluble fall to water and the load of waste fluid processing 
also increase, it is not desirable, therefore, a carbon number (m) — desirable —9-16 — it 
is 10-14 still more preferably. However, in case the hydrocarbon group which 
constitutes a component (A) has a hydrocarbon group as a substituent, it sets to m the 
total number of the carbon number in the hydrocarbon group used as a principal chain, 
and the hydrocarbon group which is a substituent. 

[0035] Moreover, when the above-mentioned (n) is less than seven, even if a ratio (m/n) 
is said optimal within the limits, particle removal nature falls. When (n) is too large, the 
load of waste fluid processing becomes large, and it becomes easy to disassemble a 
surfactant in a penetrant remover, therefore, (n) — desirable — 7-16 — it is 7-14 still 
more preferably. 

[0036] By using the above-mentioned ethyleneoxide mold surface active agent specified 
by this invention, both the wettability of a penetrant remover and the removal nature of 
particle become good. As the above-mentioned ethyleneoxide mold surface active agent, 
polyoxyethylene alkyl ether, polyoxyethylene fatty acid ester, polyoxyethylene 
alkylamine, a polyoxyethylene-alkyl-ether sulfate, etc. are mentioned, for example. The 
polyoxyethylene alkyl ether especially expressed with the following general formula (II) 
from viewpoints, such as the removal nature of particle contamination and reattachment 
prevention ability, is desirable. 
[0037] 
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[Formula 2] R2CKCH2CH20)nH (II) 

(However, R2 shows a hydroxyl group, the amino group, an alkoxy group, and the alkyl 
group that may be permuted with the halogen, the carbon number (m) contained in an 
alkyl group is nine or more, and (n) expresses seven or more numbers.) 
[0038] As an example of the above-mentioned polyoxyethylene alkyl ether The 
polyoxyethylene (n= 8) nonyl ether, the polyoxyethylene (n= 9) DESHIRU ether, The 
polyoxyethylene (n= 11) undecyl ether, the polyoxyethylene (n= 10) lauryl ether, The 
polyoxyethylene (n= 11) lauryl ether, the polyoxyethylene (n= 10) tridecyl ether, The 
polyoxyethylene (n= 12) tridecyl ether, the polyoxyethylene (n= 11) tetradecyl ether, 
The polyoxyethylene (n= 13) tetradecyl ether, the polyoxyethylene (n= 12) pentadecyl 
ether, The polyoxyethylene (n= 14) pentadecyl ether, the polyoxyethylene (n= 12) cetyl 
ether, the polyoxyethylene (n= 15) cetyl ether, the polyoxyethylene (n= 18) oleyl ether, 
etc. are mentioned. In addition, the numeric value in the above^nentioned n expresses n 
in the aforementioned general formula (II). 

[0039] In this invention, as long as it is within the limits of this invention, two or more 
ethyleneoxide mold surfactants with which (m) differs from (n) may be used together at 
a rate of arbitration, if the average of 9 or more and (n) fulfills [ the average of (m/n) of 
all surfactants / the average of 1-1.5, and (m) ] seven or more conditions in case two or 
more more sorts of surfactants are used together — the surfactant according to each 
individual — setting (m/n) — it may be over less than 1.0 and 1.5, or (m) may be less 
than nine and (n) may be less than seven. 

[0040] The content of the component in a penetrant remover (A) is usually 0.001 - 
0.05 % of the weight especially preferably 0.001 to 0.1% of the weight still more 
preferably 0.0003 to 0.5% of the weight preferably 0.0001 to 1% of the weight. When 
the concentration of a component (A) is too low, the particle decontamination engine 
performance is not enough, on the other hand, when the concentration of a component 
(A) is too high, it may become unsuitable for a washing process, and the load in the case 
of there being no change in the removal engine performance of particle contamination, 
and foaming becoming remarkable, and carrying out biodegradation processing of the 
waste fluid may increase. 

[0041] In the gestalt usually sold, metal impurities of 1 - about 1000 ppm of numbers, 
such as Na, K, and Fe, may contain the component (A). In this case, a component (A) 
serves as a metal pollution source. Therefore, as for the surfactant used as a component 
(A), it is desirable to refine and use it. and the content of each metal impurity — usually 
— 10 ppm or less 1 ppm or less are preferably set to 0.1 ppm or less still more preferably. 
The method of dipping in ion exchange resin and, for example, making resin catch a 
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metal impurity as the purification approach, after dissolving a surfactant with water is 
suitable. 

[0042] By using the component (A) refined as mentioned above, the penetrant remover 
by which the metal impurity content was reduced extremely can be obtained. Especially 
as a penetrant remover of this invention, it is desirable among the metal impurities in a 
penetrant remover that 5 or less ppb of contents of Na, Mg, aluminum, K, calcium, Fe, 
Cu, Pb, and Zn is 0.1 or less ppb also in 20 or less ppb at least. 

[0043] In addition, in this invention, surfactants other than a component (A) may be 
used in the range which does not spoil the effectiveness of this invention. As surface 
active agents other than a component (A), any of a cation system surface active agent, 
an anion system surface active agent, and the Nonion system surface active agent are 
sufficient, using an anion system surfactant and the Nonion system surfactant especially 
- good - better ** - concrete - as for example, an anion system surfactant - ARUKI 
of carbon numbers 8-12 A RUBENZEN sulfonic acid and its salt, and alkyl methyl 
taurine acid of carbon numbers 8-12 and the salt, the alkyl-sulfuric-acid ester of carbon 
numbers 8-12, its salt, etc. mention - having - **. As an Nonion system surfactant, it is 
****** which consists only of polyoxyalkylene. A sex agent etc. is mentioned. 
[0044] In this invention, water is used as a component (B). quantity - the case where he 
wants to obtain a pure substrate front face - usually - deionized water - ultrapure 
water is used preferably. Moreover, the hydrogen water which made hydrogen gas 
dissolved in the electrolysis ion water obtained by the electrolysis of water and water 
can also be used. 

[0045] In this invention, alkali or an organic acid is used as a component (C). That is, let 
the penetrant remover of this invention be an alkaline penetrant remover or an acid 
penetrant remover. 

[0046] Although especially the class of alkali used by this invention is not limited, as 
typical alkali, ammonium hydroxide (aqueous ammonia solution) and organic alkali are 
mentioned. As organic alkali, amines, such as the 4th class ammonium of hydroxylation, 
an amine, and amino alcohol, are mentioned. What has a hydroxyl group, an alkoxy 
group, the alkyl group of the carbon numbers 1-4 which may be permuted with the 
halogen, or the hydroxyalkyl radical of carbon numbers 1^ as the 4th class ammonium 
of hydroxylation is desirable, and even if all of these substituents are the same, they 
may differ. 

[0047] As above alkyl groups, the low-grade alkyl group of the carbon numbers 1-4, 
such as a methyl group, an ethyl group, a propyl group, and butyl, is mentioned, and the 
low-grade hydroxyalkyl radical of the carbon numbers 1-4, such as a hydroxymethyl 
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group, a hydroxyethyl radical, a hydroxypropyl radical, and hydroxy butyl, is mentioned 
as a hydroxyalkyl radical. 

[0048] As an example of the 4th class ammonium of hydroxylation of having the 
above-mentioned substituent, tetramethyl AMONIUMU hydroxide (TMAH), 
tetraethylammonium hydroxide, TORIMECHIRU (hydroxyethyl) ammonium hydroxide 
(common name: choline), triethyl (hydroxyethyl) ammonium hydroxide, etc. are 
mentioned. On the other hand, ethylenediamine, monoethanolamine, trimethano 
RUAMIN, etc. are mentioned as amines. 

[0049] In above^nentioned alkali, the ammonium hydroxide from the reasons of that 
there are few cleaning effects and metal residuals, economical efficiency, the stability of 
a penetrant remover, etc., tetramethylammonium hydroxide (TMAH), and 
TORIMECHIRU (hydroxyethyl) ammonium hydroxide (common name: choline) are 
desirable. Such alkali may be used independently and two or more sorts may be used for 
it at a rate of arbitration. 

[0050] Although what is necessary is just to choose the concentration of the alkali in a 
penetrant remover suitably, it is desirable that it is the concentration from which pH of a 
penetrant remover becomes nine or more alkalinity. The decontamination effectiveness 
which alkali concentration is too low, and is the purpose of this invention when pH is 
not high may not be acquired. On the other hand, since the danger that about [ being 
economically disadvantageous ] and a substrate front face will be damaged by etching, 
without acquiring the effectiveness by having raised pH when pH is too high increases, 
it is not desirable, therefore, pH of an alkaline penetrant remover — desirable — 9-13 — 
further — desirable — 10-12.5 — it is 10.5-12 especially preferably. 

[0051] Although especially the class of organic acid used by this invention is not limited, 
an organic carboxylic acid or its organic sulfonic acid is desirable. As a typical thing of 
an organic carboxylic acid, formic acid, an acetic acid, a propionic acid, butanoic acid, 
an isobutyric acid, a valeric acid, ethyl methylacetic acid, trimethylacetic acid, oxalic 
acid, a succinic acid, a malonic acid, a citric acid, a tartaric acid, a malic acid, etc. are 
mentioned. In these, one sort chosen from the group of an acetic acid, a propionic acid, 
oxalic acid, a succinic acid, a malonic acid, a citric acid, a tartaric acid, and a malic acid 
or two sorts or more are desirable, and one sort chosen from the group of an acetic acid, 
oxalic acid, and a citric acid or two sorts or more are still more desirable. An acetic acid 
is the most desirable at the point that are used for the etchant ingredient of a 
semi-conductor substrate etc., and an object with few metal impurities can be cheap, can 
obtain by the high grade by distillation actuation, and generating of the fine particles by 
moisture evaporation does not take place, either. 
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[0052] As a typical thing of an organic sulfonic acid, methansulfonic acid, ethane 
sulfonic acid, n-propane sulfonic acid, i-propane sulfonic acid, n-butane sulfonic acid, a 
phenyl sulfonic acid, etc. are mentioned. In these, methansulfonic acid and/or ethane 
sulfonic acid are desirable, and especially methansulfonic acid is desirable. The 
above-mentioned organic acid may be used independently and two or more sorts may be 
used for it at a rate of arbitration. 

[0053] Although what is necessary is just to choose the concentration of the organic acid 
in a penetrant remover suitably, it is desirable that it is the concentration from which pH 
of an acid penetrant remover is set to 1-5. The removal or the antisticking effectiveness 
of contamination which the concentration of an organic acid is too low, and are the 
purpose of this invention when pH is not sufficiently low may not be acquired. On the 
other hand, when concentration is too high, it is economically disadvantageous, without 
acquiring the effectiveness by having reduced pH, and since it can also become the 
cause of the corrosion on about [ that it is ] and the front face of a substrate, it is not 
desirable. pH of an acid penetrant remover is 2-3 preferably. 

[0054] In the penetrant remover of this invention, since the front face which reduced 
further the metal contamination on the front face of a substrate and which was 
extremely defecated by altitude will be obtained if a complexing agent is made to 
contain, it is desirable. As a complexing agent, the thing of well-known arbitration can 
be used conventionally. What is shown by the following (1) - (4) is mentioned that what 
is necessary is to judge the class of complexing agent synthetically and just to choose it 
from the contamination level on the front face of a substrate, a metaled class, the 
cleanliness level required of a substrate front face, complexing agent cost, chemical 
stability, etc. 

[0055] The compound which has the nitrogen, carboxyl group, and/or phosphonic acid 
radical which are a donor atom : (1) For example Amino acid, such as a glycine; Imino 
2 acetic acid, nitrilotriacetic acid, ethylenediaminetetraacetic acid [EDTA], A 
transformer -1, 2-diamino cyclohexane 4 acetic acid [CyDTA], Nitrogen-containing 
carboxylic acids, such as diethylenetriamine pentaacetic acid [DTPA] and 
triethylenetetramine 6 acetic acid [TTHA]; Ethylenediamine tetrakis (methylene 
phosphonic acid) [EDTPO], Nitrogen-containing phosphonic acid, such as NITORIRO 
tris (methylene phosphonic acid) [NTPO] and a propylenediamine tetrapod (methylene 
phosphonic acid) [PDTMP], is mentioned. 

[0056] (2) Phenols, such as compound:, for example, a catechol, which has the OH 
radical and/or two O-radicals or more which were coupled directly with the carbon atom 
which has an aromatic hydrocarbon ring and constitutes an aromatic hydrocarbon ring, 
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resorcinol, and tiron, the derivative of those, etc. are mentioned. 

[0057] (3) Compound having the above (1) and the structure of (2) : [0058] An 
ethylenediamine JIORUTO hydroxyphenyl acetic acid [EDDHA] and its derivative : 
(3-1) For example An ethylenediamine JIORUTO hydroxyphenyl acetic acid [EDDHA], 
Ethylenediamine-N, N'-screw [(2-hydroxy-5^nethylphenyl) acetic-acid] [EDDHMA], 
Ethylenediamine-N, N'-screw [(24iydroxy-5-KURORU phenyl) acetic-acid] 
[EDDHCA], an ethylenediamine-N and N'-screw — aromatic series nitrogen-containing 
carboxylic-acids; ethylenediamine-N, such as [(2-hydroxy-5-sulfophenyl) an acetic acid 
[EDDHSA]], and N' - screw [(24iydroxy-5-methylphenyl) phosphonic acid] — Aromatic 
series nitrogen-containing phosphonic acid, such as an ethylenediamine-N and N'-screw 
[(2-hydroxy-5-phospho phenyl) phosphonic acid], is mentioned. 

[0059] N, N'-bis(24iydroxybenzyl) ethylenediamine^ST, N-2 acetic-acid [HBED], and 
its derivative : (3-2) For example N, N'-bis(2-hydroxybenzyl) ethylenediamine-N, N'-2 
acetic-acid [HBED], N, N'-bis(24iydroxy-5-methylbenzyl) ethylenediamine-N, N-2 
acetic-acid [HMBED], N, N'-bis(24iydroxy-5-KURORU benzyl) ethylenediamine^!, 
N'-2 acetic acid, etc. are mentioned. 

[0060] (4) In addition, hydrogen halides, such as carboxylic-acids; hydrofluoric acids, 
such as amines; formic acids, such as :, for example, ethylenediamine, an eight 
quinolinol, and o-phenanthrolin, an acetic acid, oxalic acid, and a tartaric acid, a 
hydrochloric acid, a hydrogen bromide, and hydrogen iodide, those salts; oxo acid, such 
as a phosphoric acid and condensed phosphoric acid, those salts, etc. are mentioned. 
[0061] The thing of the gestalt of an acid may be used for the above-mentioned 
complexing agent, and the thing of the gestalt of salts, such as ammonium salt, may be 
used for it. 

[0062] the inside of the complexing agent mentioned above — nitrogen-containing 
phosphonic acid; ethylenediamine JIORUTO hydroxyphenyl acetic acids [EDDHA], 
such as nitrogen-containing carboxylic-acids; ethylenediamine tetrakis (methylene 
phosphonic acid) [EDTPO], such as ethylenediaminetetraacetic acid [EDTA] and 
diethylenetriamine pentaacetic acid [DTPA], and a propylenedi amine tetrapod 
(methylene phosphonic acid) [PDTMP], and derivative;N of those from the reasons of a 
cleaning effect, chemical stability, etc., and N' - bis(2-hydroxybenzyl) 
ethylenediamine-N and N' -2 acetic acid [HBED] is desirable. 

[0063] inside — **** — a cleaning effect — a viewpoint — from — Ellen — diamine — 
JIORUTO — hydroxyphenyl — an acetic acid — [—EDDHA — ] — ethylenediamine - N — 
N — ' - a screw — [ (2-hydroxy-5-methylphenyl) — an acetic acid — ] — [— EDDHMA — J 
— diethylenetriamine pentaacetic acid — [— DTPA — ] — ethylenediaminetetraacetic acid 
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— [— EDTA — ) — propylenediamine — a tetrapod (methylene phosphonic acid) — [— 
PDTMP — ] — being desirable . The above-mentioned complexing agent may be used 
independently and two or more sorts may be used for it at a rate of arbitration. 
[0064] Although what is necessary is just to choose the concentration of the complexing 
agent in a penetrant remover as arbitration with the class of contamination metal 
impurity, an amount, and the cleanliness level required of a substrate front face, it is 
1-10000 ppm usually 10-200 ppm still more preferably 5-1000 ppm preferably. When 
the concentration of a complexing agent is too low, the decontamination or the 
antisticking effectiveness by the complexing agent are not acquired, but a complexing 
agent adheres to about [ being economically disadvantageous ] and a substrate front face, 
without acquiring the effectiveness of balancing the increment in concentration, when 
too high, and the danger of remaining after surface treatment increases. 
[0065] In addition, since the complexing agent contains metal impurities, such as FeAl 
of 1 - about 1000 ppm of numbers, and Zn, in the reagent usually sold, it can consider 
the case where the complexing agent used by this invention serves as a metal pollution 
source. Although these metals form a complexing agent and a stable complex and exist 
in early stages, if a complexing agent decomposes while carrying out long duration use 
as a surface penetrant remover, they will separate and will adhere to a substrate front 
face. Therefore, as for the complexing agent used by this invention, it is desirable to use 
it, refining beforehand, and the content of each metal impurity contained — usually — 5 
ppm or less 1 ppm or less are preferably set to 0.1 ppm or less still more preferably. As 
the purification approach, after dissolving a complexing agent in acidity or an alkaline 
solution for example, filtration separation is carried out and an insoluble impurity is 
removed, and it neutralizes again, a crystal is deposited, and the method of separating 
the crystal concerned with liquid is suitable. 

[0066] Moreover, the penetrant remover of this invention may contain other 
components at a rate of arbitration in the range which does not spoil the engine 
performance, as other components — a sulfur-containing organic compound (2-mercapto 
thiazoline - ) 2-mercapto imidazoline, 2-mercaptoethanol, the thioglycerol, etc., a 
nitrogen-containing organic compound (benzotriazol and alkyl benzotriazol — ) A 
tetra-SOL, 3-aminotriazole, N3 (R is the alkyl group of carbon numbers 1-4) (R), 
N(ROH) 3 (R is the alkyl group of carbon numbers 1^), urea, thiourea, etc., A 
water-soluble polymer (a polyethylene glycol, polyvinyl alcohol, etc.), Anticorrosives, 
such as an alkyl alcoholic system compound (ROH (R is the alkyl group of carbon 
numbers 1-4)), The etching accelerator which can expect the removal effectiveness, 
such as a polymer which adhered firmly, is mentioned after dry etching, such as 
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dissolved gas, such as reducing agents, such as acids, such as a sulfuric acid and a 
hydrochloric acid, and a hydrazine, hydrogen, an argon, and nitrogen, fluoric acid, 
ammonium fluoride, and BHF. 

[0067] And oxidizers, such as a hydrogen peroxide, ozone, and oxygen, are also 
mentioned as other components which the penetrant remover of this invention is made 
to contain. In the washing process of the substrate for semiconductor devices, in case a 
silicon (BEASHIRIKON) substrate front face without an oxide film is washed, since the 
surface dry area by etching to a substrate front face can be stopped by combination of an 
oxidizing agent, it is desirable. When making the alkaline penetrant remover of this 
invention contain a hydrogen peroxide, hydrogen-peroxide concentration in a penetrant 
remover is usually preferably made into 0.1 - 1 % of the weight 0.01 to 5% of the 
weight. 

[0068] By the way, wiring of a semiconductor device and the device component 
electrode which consist of a metallic material which reacts with a hydrogen peroxide 
and dissolves may be exposed to the front face of the substrate to wash. As such a 
metallic material, transition metals or transition-metals compounds, such as Cu and W, 
are mentioned, for example. Under the present circumstances, as for the penetrant 
remover used for washing, it is desirable not to contain a hydrogen peroxide 
substantially. The penetrant remover of this invention shows sufficient washing engine 
performance, without having a bad influence on such a metallic material, even if it does 
not contain a hydrogen peroxide substantially unlike the conventional APM penetrant 
remover. 

[0069] In addition, in the penetrant remover of this invention, it means riot producing 
bad influences, such as corrosion, deterioration, etc. by the hydrogen peroxide, to wiring 
materials and electrode materials, such as the ingredient on the substrate washed saying 
"a hydrogen peroxide is not contained substantially", for example, Cu, and W, and the 
low dielectric constant film. That is, when these ingredients consider as a semiconductor 
device, it means fully functioning as wiring, an electrode, etc. For that purpose, it is so 
desirable that the content is stopped few even if a hydrogen peroxide is not contained in 
the penetrant remover of this invention, and it makes and being contained, the content — 
for example, 1 ppm 10 ppm or less are preferably set to 10 or less ppb still more 
preferably. 

[0070] The penetrant remover of this invention is used for washing on front faces of a 
substrate, such as the semi-conductor with which metal contamination and particle 
contamination pose a problem, glass, a metal, ceramics, resin, the magnetic substance, 
and a superconductor, especially — quantity — it is used suitable for washing on the 
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front face for semiconductor devices of a substrate in the process which manufactures 
the substrates for semiconductor devices a semiconductor device, for display devices, 
etc. with which a pure substrate front face is demanded. Wiring, an electrode, etc. may 
exist in the front face of these substrates. As an ingredient of wiring or an electrode, 
metals, such as insulating material;W, such as semiconductor material;SiO(s)2, such as 
Si, germanium, and GaAs, silicon nitride, glass, a low dielectric constant ingredient, an 
aluminum oxide, transition-metals oxide (titanium oxide, tantalum oxide, an oxidization 
hafnium, zirconium dioxide, etc.), TiO(Ba, Sr) 3 (BST), polyimide, and organic 
thermosetting resin, and Cu, aluminum, or these alloys, silicide, a nitride, etc. are 
mentioned. A low dielectric constant ingredient is the generic name of the ingredient 
whose specific inductive capacity is 3.5 or less. Incidentally, the specific inductive 
capacity of Si02 is 3.8-3.9. 

[0071] Especially the penetrant remover of this invention is used suitable for washing of 
the substrate for semiconductor devices which has transition metals or a 
transition-metals compound on a front face. As transition metals, W, Cu, Ti, Cr, Co, Zr, 
Hf, Mo, Ru, Au, Pt, Ag, etc. are mentioned, and the CHITSU ghost of these transition 
metals, an oxide, silicide, etc. are mentioned as a transition-metals compound. In these, 
W and/or Cu are desirable. 

[0072] As a process which washes the substrate which has a tungsten, washing on the 
front face of a substrate which has a gate electrode, silicon, etc. at the time of using a 
tungsten as a gate electrode material is mentioned to a front face. Specifically, the 
washing process after forming the tungsten film in a semiconductor device, the washing 
process after carrying out dry etching of the tungsten film especially, and the washing 
process after carrying out an ion implantation to a silicon outcrop after that are 
mentioned. 

[0073] If the penetrant remover of this invention is used, even if it performs neither 
ultrasonic irradiation nor a brush scrub, a particle metallurgy group is removable. 
Therefore, the penetrant remover of this invention is suitable for washing of a gate 
electrode and a substrate front face when a possibility of breaking if ultrasonic cleaning 
and a brush scrub are performed forms a very detailed (for example, the width of face of 
a gate electrode is about 0. 15 micrometers) large gate electrode with a tungsten. 
[0074] As a process which washes the substrate which has Cu, washing on the front face 
of a substrate which has Cu wiring, an interlayer insulation film, etc. at the time of using 
Cu as a wiring material is mentioned to a front face. Specifically, the washing process 
after forming Cu film in a semiconductor device especially the washing process after 
performing CMP (Chemical Mechanical Polishing) to Cu film, and the washing process 
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after opening a hole in the interlayer insulation film on wiring by dry etching are 
mentioned. 

[0075] Moreover, the penetrant remover of this invention is used suitable also for 
washing of the substrate for semiconductor devices which has a low dielectric constant 
ingredient used as an interlayer insulation film ingredient on a front face. As a low 
dielectric constant ingredient, it is roughly divided into three with an organic polymer 
ingredient, an inorganic polymer (siloxane system) ingredient, and a porosity (porous) 
ingredient. As an organic polymer ingredient, Polyimide, BCB (Benzocyclobutene), 
Flare (Honeywell), SiLK (Dow Chemical), etc. are mentioned, and FSG (Fluorinated 
silicate glass), BLACK DIAMOND (Applied Materials), Aurora (Japan ASM), etc. are 
mentioned as an inorganic polymer ingredient. 

[0076] The penetrant remover of this invention is used suitable for the surface washing 
of the substrate for semiconductor devices irrespective of the existence of the electrode 
in a substrate front face, or a wiring material as mentioned above. Also in it, the 
penetrant remover of this invention is used suitable for washing of the substrate for 
semiconductor devices which the contact angle of the water in a substrate front face 
shows hydrophobicity 60 degrees or more. 

[0077] The preparation approach of the penetrant remover of this invention should just 
be conventionally based on a well-known approach. Any 2 components or three 
components or more in the constituent (for example, accepting a surfactant, ammonium 
hydroxide, water, and the need other components, such as a complexing agent) of a 
penetrant remover may be blended beforehand, the remaining components may be 
mixed after that, and all may be mixed at once. 

[0078] As mentioned above, also with the substrate for semiconductor devices which 
has a metallic material with low resistance in a front face to drug solutions, such as a 
future exotic material, i.e., a hydrogen peroxide etc., since the substrate penetrant 
remover for semiconductor devices of this invention does not corrode these exotic 
materials substantially, it turns into an usable penetrant remover which does the 
outstanding cleaning effect so at both a last process and a back process. 
[0079] That is, other summaries of this invention consist in the substrate penetrant 
remover for semiconductor devices which is characterized by filling the following 
conditions (a), (b), and (c) and which has a semiconductor device electrode or metal 
wiring on a front face at least. 

[0080] (a) Don't corrode a semiconductor device electrode and metal wiring 
substantially. 

(b) When the amount of contamination metals washes the substrate which are 



49 



1000-5000 (xlOlO atoms/cm2), the amount of contamination metals after washing is 
below ten (x 10 10 atoms/cm2). 

(c) [ when the approximate circle configuration substrate front face of the radius r which 
has particle with a particle size of 0.1 micrometers or more 8000-100000 (an individual 
/ 0.03m2) is washed between t (minute) ] The particle number within the periphery on 
the substrate front face which makes a substrate and a core the same is 800/t or less 
piece within the periphery of periphery radius 0.6r after washing within 200/t or less 
piece or the periphery of periphery radius 0.9r in the case of t=0.5-l. 
[0081] In addition, a convention of the above-mentioned (b) and (c) is not what 
specified the property of the penetrant remover of this invention and specified the 
washing conditions for which the penetrant remover of this invention is used. Moreover, 
in the penetrant remover of this invention, semiconductor device electrode metallurgy 
group wiring on the substrate washed saying "a semiconductor device electrode and 
metal wiring are not corroded substantially", and when it does not produce bad 
influences, such as corrosion and deterioration, and these ingredients specifically 
consider as a semiconductor device to electrode materials and wiring materials, such as 
W and Cu, it means fully functioning as an electrode, wiring, etc. 

[0082] In the penetrant remover of above-mentioned this invention, filling conditions 
(b) and (c) shows that it is possible to fully remove metal contamination, particle 
contamination, and any contamination. 

[0083] In case the candidate for washing is the front face of an approximate circle 
tabular substrate, i.e., an approximate circle configuration substrate front face, even if 
conditions (c) are short-time washing, they do not call at the location on the front face 
of a substrate, but mean that a substrate front face can be defecated to altitude, that is, 
the approximate circle configuration substrate front face of the radius r which has 
particle with a particle size of 0.1 micrometers or more 8000-100000 (an individual / 
0.03m2) - a part for washing time amount t:0.5 - 1[-] - ******, after washing Within 
the periphery of periphery radius 0.6r on the substrate front face made the same which is 
the inner circumference section comparatively, a substrate and a core Particle is made 
into 800/t or less piece also into the periphery of periphery radius 0.9r which removes 
the particle which remains to 200/t or less piece, and contains even the periphery section 
comparatively, and it means that a substrate front face can be defecated to altitude. 
[0084] moreover, it can set to the substrate penetrant remover for semiconductor devices 
of this invention mentioned above - "— the case where it washes - setting - " — it is 
shown by the washing approach which is mentioned later that it is the case where a 
penetrant remover washes the substrate for semiconductor devices. The washing 
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approach will not usually be limited, especially if it is the approach which may be 
adopted at the time of washing of the substrate for semiconductor devices. Especially, 
the contact approach to the substrate of a penetrant remover makes a penetrant remover 
on a substrate the spin type which carries out high-speed rotation of the substrate with a 
sink, and since the result by which considering as the range of room temperature -90 
degree C was stabilized is obtained, whenever [ solution temperature / of a penetrant 
remover ] is desirable. 

[0085] Furthermore, since the washing result of having been stabilized more by 
adopting mechanical cleaning, such as scrub washing which used the washing approach 
by physical force, for example, a washing brush, ultrasonic cleaning which irradiates a 
supersonic wave with a frequency of 0.5MHz or more at a substrate, the washing 
approach which uses these together, etc. is obtained in the case of washing, it is 
desirable. 

[0086] The washing approach of this invention is performed by the approach of 
contacting a penetrant remover to a substrate directly. The DIP type which a penetrant 
remover is filled [ type ] to a cleaning tank and makes a substrate immersed in the 
contact approach to the substrate of a penetrant remover, the spin type which carries out 
high-speed rotation of the substrate for a penetrant remover with a sink on a substrate 
from a nozzle, the spray ceremony which sprays and washes liquid at a substrate are 
held. There are a batch type washing station which washes to coincidence two or more 
substrates held in the cassette as equipment for performing such washing, a 
single-wafer-processing washing station which equips an electrode holder with one 
substrate and washes it. 

[0087] In the case of a batch type washing station, in the case of a 
single-wafer^>rocessing washing station, washing time amount is usually 5 minutes 
from 5 seconds preferably from 1 second from 30 seconds for 15 minutes for 1 to 15 
minutes for 30 minutes. When too long [ when washing time amount is too short, a 
cleaning effect is not enough, and ], the improvement in a cleaning effect is small and 
causes the fall of a throughput. Although the penetrant remover of this invention is 
applicable to any above-mentioned approach, it is preferably used for washing of a spin 
type or a spray type from the point which can perform more efficient decontamination 
for a short time. And if compaction of ** and washing time amount and reduction of the 
amount of the penetrant remover used apply to the single-wafer-processing washing 
station which poses a problem, since these problems are solved, it will be desirable. 
[0088] Although temperature of a penetrant remover is usually made into a room 
temperature, it is the purpose which raises a cleaning effect and it is desirable to warm 
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at about 40-70 degrees C. Furthermore, when washing the substrate which silicon has 
exposed to a front face, in order that organic substance contamination may tend to 
remain on a silicon front face, it is desirable to offer and carry out the pyrolysis of the 
substrate to heating down stream processing with a temperature of 300 degrees C or 
more, or to carry out the oxidative degradation place of the organic substance by ozone 
water treatment. 

[0089] Moreover, as for the washing approach of this invention, it is desirable to make it 
use together with mechanical cleaning, such as scrub washing which used the washing 
approach by physical force, for example, a washing brush, or ultrasonic cleaning. If 
ultrasonic irradiation or a brush scrub is especially used together, since the removal 
nature of particle contamination improves further and leads also to compaction of 
washing time amount, it will be desirable. It is desirable to wash by washing after CMP 
especially using the brush made of resin. 

[0090] Although the quality of the material of the brush made of resin can be chosen as 
arbitration, it is desirable to use PVA (polyvinyl alcohol), for example. Moreover, if a 
supersonic wave with a frequency of 0.5MHz or more is irradiated at a substrate, since 
the removal nature of particle improves remarkably according to a synergism with a 
surface active agent, it will be desirable. Furthermore, washing by the electrolysis ion 
water obtained by the electrolysis of water or the hydrogen water which made hydrogen 
gas dissolved in water may be combined before the washing approach of this invention, 
and/or with the back. 

EXAMPLE 

[Example] Next, it is not limited by the following examples unless this invention 
exceeds the summary according to an example, although this invention is explained 
concretely. 

[0092] The 8 inch silicon substrate (disc4ike substrate whose radius r is 4 inches) 
examples 1 and 2 and the example 1 of a comparison - with 3 (detergency evaluation of 
the particle contamination by scrub type washing) low dielectric constant film (SiOC: 
carbon content Si02) was immersed in the Si02 slurry solution for 10 minutes. The 
substrate after immersion was rinsed for 1 minute with ultrapure water, and spin 
desiccation was carried out with the multi-spinner (Made in Khai Joe "KSSP-201"). 
Then, it checked that measured the particulate number adhering to a substrate front face, 
and Si02 particle 0.2 micrometers or more had adhered more than fixed quantity 
(however, an upper limit 100000 pieces) with laser surface-analysis equipment 
("LS-5000" by Hitachi Electronics Engineering). 
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[0093] The penetrant remover shown in Table 1 was used, with the above-mentioned 
multi-spinner, brush scrub washing of the above^nentioned Si02 particle adhesion 
substrate was carried out with the brush made from PVA, and particle was removed. 
Washing by the penetrant remover was performed for 1 minute at the room temperature. 
Then, after ultrapure water washed the substrate for 1 minute, spin desiccation was 
carried out and the washed substrate was obtained. A result is shown in Table 1. 
[0094] 
[Table 1] 



[0095] examples 3-6 and the examples 4-8 (detergency evaluation of the particle 
contamination by scrub type washing) of a comparison — the Si02 particle adhesion 
substrate was first created like the example 1. Subsequently, the penetrant remover 
shown in Table 2 was used, except having set washing time amount as for 0.5 minutes, 
the Si02 particle adhesion substrate was washed like the example 1, and the washed 
substrate was obtained. A result is shown in Table 2. 

[0096] Wettability evaluation in Table 2 was performed by the following approach. 
Namely, it soaks at right angles to each penetrant remover given [ the piece of a test 
(2cm angle) with the low dielectric constant film (SiOC: carbon content Si02) ] in 
Table 2. The piece of a test was perpendicularly pulled out after 0.5 minutes, and the 
rate of area that the penetrant remover to the whole surface product of the piece of a test 
was attached estimated. The valuation basis was made into more than O:80%, less than 
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[ more than **:50%80% ], and less than [ x:50% ]. 

[0097] 

[Table 2] 



[0098] After carrying out surface treatment of the 8 inch silicon substrate (disc-like 
substrate whose radius r is 4 inches) an example 7 - with 10 (detergency evaluation of 
the particle contamination by scrub type washing) low dielectric constant film (SiOC: 
carbon content Si02) for 1 minute by fluoric acid 0.5% of the weight, it was immersed 
in the Si02 slurry solution for 10 minutes. The substrate after immersion was rinsed for 
1 minute with ultrapure water, and spin desiccation was carried out with the 
multi-spinner (Made in Khai Joe "KSSP-201"). Then, the particulate number which 
adhered to the substrate front face with laser surface-analysis equipment ("LS-6600" by 
Hitachi Electronics Engineering) was measured, and it checked that Si02 particle 0.11 
micrometers or more had adhered more than fixed quantity (however, an upper limit 
100000 pieces). 

[0099] The penetrant remover shown in Table 3 was used, with the above-mentioned 
multi-spinner, brush scrub washing of the above-mentioned Si02 particle adhesion 
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substrate was carried out with the brush made from PVA, and particle was removed. 
Washing by the penetrant remover was performed for 0.5 minutes at the room 
temperature. Then, after ultrapure water washed the substrate for 1 minute, spin 
desiccation was carried out and the washed substrate was obtained. A result is shown in 
Table 3. 
[0100] 
[Table 3] 



[0101] examples 11 and 12 and the example 9 (detergency evaluation of the particle 
contamination by scrub type washing) of a comparison — the Si02 particle adhesion 
substrate was first created like the example 1. Subsequently, the penetrant remover 
shown in Table 4 was used, except having set washing time amount as for 0.5 minutes, 
the Si02 particle adhesion substrate was washed like the example 1, and the washed 
substrate was obtained. A result is shown in Table 4. 
[0102] 
[Table 4] 
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[0103] The 4 inch silicon substrate (disc-like substrate whose radius r is 2 inches) to 
which the thermal oxidation film with a thickness of about lOOnm was attached to the 
example 13 and the example of comparison 10 substrate front face was exposed into 
atmospheric air for 3 hours, and the suspended matter in mind was made to adhere. As a 
result of measuring with substrate surface-analysis equipment ("LS-5000" by Hitachi 
Electronics Engineering), particle with a particle size of 0.2 micrometers or more was 
carrying out 10,000 or more (however, upper limit 100000 pieces) piece adhesion at the 
base, the stream by the pure water during 10 minutes after carrying out immersion 
processing of this substrate for 10 minutes each at each penetrant remover given in 
Table 3 by which temperature control was carried out to 50 degrees C - it washed and 
dried with the spin dryer. The measurement result of the number of particle which 
remains on the substrate after washing processing is shown in Table 5. 
[0104] In example of comparison 1 1 example 13, except having used the solution (APM 
penetrant remover) which mixed an ammonium hydroxide water solution, 50-% of the 
weight hydrogen peroxide solution, and ultrapure water by the capacity factor 1:4:20 
29% of the weight, and was prepared as a penetrant remover, it carried out like the 
example 13 and evaluated. A result is shown in Table 5. 

[0105] Although the penetrant remover of the example 11 of a comparison has 
comparatively few adhesion particle numbers after washing, since a hydrogen peroxide 
is included in a penetrant remover, it cannot perform application to a future exotic 
material, but becomes unusable in the future. 
[0106] 
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[Table 5] 



[0107] The substrate from which immersion processing of the 4 inch silicon substrate 
(disc-like substrate whose radius r is 2 inches) to which an example 14 and the example 
12 of a comparison - 14 natural oxidation film were attached was carried out for 5 
minutes 0.5% of the weight at HF water solution, and the scaling film was removed was 
obtained, the stream carry out immersion processing of this for 10 minutes at each 
penetrant remover given in Table 4 by which Silicon(IV) Nitride particle (product made 
from Johnson Matthey "Stk#12145") 0.02 g/L was added, and temperature control was 
carried out to 50 degrees C, and according to after and the pure water during 5 minutes 
— it washed and dried with the spin dryer. With substrate surface-analysis equipment 
("LS-5000" by Hitachi Electronics Engineering), the number of particle with a particle 
size of 0.2 micrometers or more which remains on the substrate after washing 
processing was measured. A result is shown in Table 6. 
[0108] 
[Table 6] 
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[0109] The 4 inch silicon substrate (disc-like substrate whose radius r is 2 inches) which 
removed the surface natural oxidation film was prepared for the example 15 and the 
15 160.5 % of the weight HF water solution of examples of a comparison by carrying 
out immersion processing for 5 minutes, the stream by the pure water during 5 minutes 
after carrying out predetermined time immersion processing of this at a penetrant 
remover given in each table 5 by which temperature control was carried out - it washed 
and dried with the spin dryer, after substrate desiccation - immediately - an atomic 
force microscope (Nano ScopeHIa made from Digital Instruments) - the Z-axis 
on the front face of a substrate - Rms (nm) which is the standard deviation of a 
variation rate was measured. A result is shown in Table 7. 

[0110] It is a deed about evaluation according to viewing about the surface dry area of 
the above-mentioned substrate. The following result was obtained. That is, in the case of 
the examples 15 and 16 of a comparison, a surface dry area like the interference fringe 
covering countless crater-like irregularity with a diameter of about about l-10mm and 
the whole substrate front face was observed on the substrate front face, but in the case 
of the example 15, it was not observed. 

[0111] 
[Table 7] 
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[0112] The piece of a test of the polycrystal polish recon of about lOOnm of thickness 
which removed the scaling film was prepared for examples 16-19 and the 17 - 190.5 % 
of the weight HF water solution of examples of a comparison by carrying out 
immersion processing for 5 minutes, the stream by the pure water during 5 minutes after 
carrying out immersion processing of this piece of a test for 10 minutes at each 
penetrant remover given in Table 6 by which temperature control was carried out to 50 
degrees C — it washed and dried by the nitrogen blow. The thickness of polycrystal 
polish recon was measured with the optical interference type thickness measurement 
vessel (the "nano spec. L-6100" by the nano metrics company). The etching rate was 
computed from the thickness measurement before and behind washing processing. A 
result is shown in Table 8. 
[0113] 
[Table 8] 
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[0114] The piece of a test of the tungsten of about lOOnm of thickness which removed 
the scaling film was prepared for the example 20 and the 10.3 % of the weight aqueous 
ammonia solution of examples of reference by carrying out immersion processing for 5 
minutes, the stream by the pure water during 5 minutes after carrying out immersion 
processing of this piece of a test for 10 minutes at each penetrant remover given in 
Table 9 by which temperature control was carried out to 40 degrees C - it washed and 
dried by the nitrogen blow. The thickness of a tungsten used total reflection 
fluorescence X rays (product made from Jeol "RIX-3000"), and drew them by the 
conversion from reflectivity. The etching rate was computed from the thickness 
measurement before and behind washing processing. A result is shown in Table 9. 
[0115] Here, it turns out that an example 20 is compared with the example 1 of 
reference, and the penetrant remover of this invention controls the etching rate on the 
front face of a substrate to a mere alkali water solution, and it excels as a substrate 
penetrant remover for semiconductor devices the clear passage. 

[0116] In example of comparison 20 example 20, except having used the same APM 
penetrant remover as the example 11 of a comparison as a penetrant remover, it carried 
out like the example 20 and evaluated. A result is shown in Table 9. 
[0117] 
[Table 9] 
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[0118] The example 21 and the 214 inches silicon substrate (disc-like substrate whose 
radius r is 2 inches) of examples of a comparison were immersed in the APM penetrant 
remover containing a metal ion (Fe, Cu). This APM penetrant remover mixed aqueous 
ammonia, 31-% of the weight hydrogen peroxide solution, and water by the capacity 
factor 1:1:5 29% of the weight, and it added and prepared the metal ion content water 
solution so that a metal content might serve as Fe (20ppb) and Cu (1 ppm) at this. The 
silicon substrate after immersion was rinsed for 10 minutes with ultrapure water, it dried 
by nitrogen blow, and the silicon substrate polluted with the metal was obtained. 
[0119] The polluted silicon substrate and the silicon substrate after washing performed 
analysis of the contamination metal on this silicon substrate (Fe, Cu) by the following 
approach. That is, it collects by processing a substrate in the water solution which 
contains 0.1 % of the weight of fluoric acid, and 1 % of the weight of hydrogen 
peroxides for the metal in a substrate front face, the amount of metals is measured with 
an inductively-coupled^>lasma-source^nass-spectrometry plan (ICP-MS), and it 
converts into the metal concentration (atoms/cm2) on the front face of a substrate. 
[0120] The penetrant remover which shows washing of the above-mentioned silicon 
substrate polluted with the metal in Table 10 was used, and it considered as penetrant 
remover temperature [ of 60 degrees C ], and washing time amount 10 minutes, and 
carried out by the DIP type cleaning method. The analysis result of the polluted silicon 
substrate and the residual metal (Fe, Cu) of a washed silicon substrate surface are shown 
in Table 10. 
[0121] 
[Table 10] 
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[0122] It is clear from the above result the penetrant remover's of this invention to excel 
in the removal nature of the particle (particle) adhering to the low dielectric constant 
film which is hydrophobicity. Moreover, it compares with the conventional washing 
approach by the ammonium hydroxide solution or the APM solution, and it turns out 
that it has the more excellent removal nature also to the particle affix of the suspended 
matter origin in mind. 

[0123] Similarly, even if a particle (particle) etc. mixes in a system, it becomes possible 
by removing by the washing approach of this invention to control adhesion in a 
substrate. Furthermore, it becomes as compared with the conventional washing 
approach, it is possible to control very small the roughness on the front face of silicon 
(front face that) also in an alkaline penetrant remover, and possible for there to be 
almost no side effects, such as polish recon and a processing dimensional change by 
etching to a tungsten, and to be compatible in detergency, roughness control, and low 
etching nature. 

[0124] And even if the penetrant remover of this invention is a substrate for 
semiconductor devices which has an ingredient with low resistance in a front face to 
drug solutions, such as a hydrogen peroxide, it is clear to both a last process and a back 
process that it is the usable penetrant remover which does the outstanding cleaning 
effect so. 
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[fflt#*3] (O tt/TT;wumi/. P 

[ft** 4] (C) «»KT©-«* (I) 

HbU (R 1 ) 4 N* OH" (I) 20 

«&U R 1 I4**JK*» 7;i/3^->*> 
7\ny>tCTgM£nTt,>Tt><fc^7;i' ;: ^l'X£:Sb. 

[«f**5] (C) dS^KiftT^-^ASK 

i - 4 © 7 ;Mr ;w**s <fc &/ Sfcfctfc h'n+v 
*^4tcta«©gfe#^. 

[Sf#«6] (C) iUTlfltmi/. pH 

rtU ~ 5 T?&£fS*3I 1 XB 2 tCfBiBtWftff'ilt. 
[91**7] (C) a^m^tf 30 

[sit** 8] tfWfcJM^K* 1 . 7 p Dt"^> 
8, «6fc> 3A*1. VD>I. *X>». U 
>^&fi£5f<t01Bn5'>6< <fct> i 

MS** 9] #*^;i'*>«* t . ^>x;w*>&. 
[itfllO] JS» (A) o-s**«»o. 0 0 0 1- 

i mm.%T~$>z>mmm i ~ 9 ©wn*»nE«©i*HM*. 

[Bt**l 1] (A) ^*U^vX^U>7^ 

;vx— r^HWeftsai*^ i~io ©fiFn^fcae«©«5 
[sg**i 2] 3En«fl:a**#-r*Bi*J«i-'i i© 

[»**i 3] gm«iiw*8«t**&^wb!a:^»** 
i~i2 ©Mn*MciBifc©sfe#^. 

[31**1 4] §i**l~l 3 ©fBjn*^ClB«c«)^#jS 5i 
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[W**l 6] Yt#W^ttW«bfc&©¥g#xA*-fX 

[lit** i 7 ] $twm& 40-70 ■c©a«cjaabT 

{£ffl-f -SHi** 1 4—1 6 C9fBJtl7iMCie«C75ft#7jffi. 

[M**l 8] ifc»*-C*»bfc«, MIC©S3 0 0-C 
0 l ±(OjjPfi®S^Xtt* > />*Mffi*ff 3ffit**l 4(C 

[1^19] jSSi»C*©»»ftj8«6 0* «_L©«IMil 
[M**2 0] *®tc->'Jn>, Ii^S$fc(iIM 
[91**2 1] HT©ft# (a) , (b) (c) £ 

(b) fSJfe&«***l 000-5000 (xio 1 0 a 
toms/cm 2 ) -e<&5*«S«Ei*bfc»^K:*H» 
T. ft&®L<DP5m&mm&l 0 (X l O 1 0 a t oms 
/em 2 ) 

(0)^0. UmK±©^-f-f9M8 0 0 0~ 
1 0 0 0 0 0 (fi/0. 0 3m ! ) tn^irmP] 

-7^*;WH*a*, t =0. 5-1©^ P]M*go. 
6r©nirtT'2 0 0/tiaT- RJ1*S 
0. 9r0R^ftttt8OO/tTOTtS^ 

[0 0 0 1 ] 

•y^T.. ttfflg. <h*©*«*S©ft# 

[0002] 2|c«w©ifcj*i«*«trf«c»*fett. *H-> 

I >, #57.. <£t?§«* (Low-k) »»fc:£0>lM**f 



( 3 ) 

3 

»««iB©5Sn«»JK* & §1 # S d T H t * < «gg K 
[0 0 0 3] 

mJkOtmi T F TSSft!S£©7 5 y h/U*f ^ 
7l"t\ V'f^oyntyt- ^'J— > CCDUO 10 

> (SiOi) » ^^X^OSS*ffitC+»-^5^D>7!» 
[0 0 0 4] ift^. ¥*fl^AWX©§ai£K:iH>TW:— 

[0005] — ^tc. /t-5=--< if frfigtom&iz&m-r 

tt, T>^-7*^jg. TKiHfc* 'J *B£ft: 
T- h 5 * ^;UT ^x ^ E <D 7 U tt*J§ 

W5«ffl$nTU5. 7>tZ7. i&gHt*^. 

*£-&frifc#»8t ( rsc- iifef£i&j xtt rAPMM 

mi <t^5. ) !CJ:^i5t# ( rsc-li&ftj X« TA 
PMft#j tup. ) fe£<ffiffl$ntl^ 
»flFXlttl#W) . 40 
[0 0 0 6] ^-LT. *ifiT*«. C©M7WJttSt 

[0 0 0 7] t*j*.«. ft»i8tc±**«*Bio3iins«i 
MT&tctb. 7)i*>)&<D]®mit*m*mmz%.ffim& 
ai*asiinu m&mmizzi-rzfo&mot&teft&i os. so 
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SB) . £fc. S&S®^©i£#i&©iintt£[6)-h£-£.& 
fe*. x^u>^-y--f K©ttftj ; E;i'£ca<3~i ot* 

[0 0 0 8] *fc, tt»^ftT;M7SfiTS5 

sntn« («aj^«#f) : 32:«t3#}ii) . 
^^ntt^ (M*.tfttiHtit4#M) . ^^ig 
* («sjx.«#f!F5:«t5#^) . Sfc, /\--5V^;H&£ 

«t 0 ft: S 7 y 3§* JHSSttftl £ A P Mifc#i& (cfjsftrf -5 
[0 0 0 9] Sfc, *^#5WXfflS1K©ft#IC;6n> 

t^Sntt^ (0*JA«#flF35:^7#Rg) „ 
[0 0 10] Sfc, >'U3>'i;x-/\©^lcftfflT-5 

tjWBsesn-rir** (^Jx«#fp3J:«8#Bg) . &jgga 

istmizmmmit^yi&miiaTz z\ t t,ii$nti^ 

[ooii] ia^, #»#t/h x(D«jsa^k • ;s 
«Hfktc^u. ^mfrTWxtzisiW&withfc^m&m 

p. ) iz&mTz>&m&mtVT. mtcizm (cu) ^> 

^>y'Xr> (W) lp©f#S«fl^A3ftooiB 
^ffl$nfc€Tit7;U5xOA (Al) iOStfifii^lSU 
[0 0 12] ^fc, fi!i©fiSft#^tLT. ffimffim& 



( 4 ) 



(CAT, r«xgJ tV^It^S. ) <D», 

[0 0 13] «SlCtt, ®ftt^{g;<^WPX{C 

WfiJ&1i1g#**£bT\ ^>^f>MA^noofe 

fiSSTffe^WfrxA-f^K:*** 1 ^*^*^* £«£ffl 10 
[0 0 14] ifi^tt, ±»bfc#&«*M5W**B5fc*ffl 
[0 0 15] 

[^WflPXiU ] W.Kern and D. A. Puotinen: RCA Revie 
w. p. 187. June (1970) 
HtfreWt 1 ] 3 3 5 2 9 4n&m 

[#fF5C«2] #ff?g3 1 6 9 0 2 4^S« 20 
[#fF£SK3] 2001-4038 9*Hi* 
[#fF^4] 1-12 14 1 8^»« 

[#fM5] *#IH1¥7 -2 4 5 2 8 Ht&* 
[WfrXitt 6 ] #BB¥ 5-251416 ^£:?8 
[«fWXitt7] l$Pi¥7-2 1 6 3 9 2*tfc« 
[#fF*i§*8] **l»¥8-6 9 9 9 0^&S8 
[#IT*i*9 ] WW 2001-7071 ^^ffi 
[0016] 

ifecD^XSTtS. Alffi»*^B6^T;V*Ulr^0iC 30 

fc. b^b. AlKftfcDCuS*6It5t, WT©« 
[0 0 17] I-. CuBS i (ChoTRfe^^nS 

[0 0 18] ^-(C, A 1 tS&0CuttF7^X7f 
>y*5tn*6^-^W»5. CuRlJ:aB«fc»« 40 
t^CH ^* (CuE»*»«t5fc»0) itSrffio 

^g^^CMP (Chemical Mechani 
cal Polishing) i©JSl:ioTOTl! 

[0 0 19] JiBO^-»tt»ca:*BII»*Trtt** 
©Cut. CMPCttfflUfcX^'J-'txoWettf 
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[0 0 2 01 ±f2©*fc^*K**l^ sawar** 
Ufc«fc*fi£#0>RCAifeiiM£?T"5£» Cu^W^©£t& 

b$<^ «Ftr, a-tV ^;w^©f&S£*# t:: ^ L ' 

[0 0 2 1] fot> ±SE©«&«»»S*ffi^WTS 



[0 0 2 2] £*Ur*tb, iitftBbfc*K:* 
#Cfc3n. io,TE(l)-(3) KEtt&MK 
[0 0 2 3] (1) ^SfeSOittttlSNflC, #®ffitt^J 

(2) KifiittiP/Jvs < . 

[0024] 7x*>*5Msett»itt« 

f££iti< (ix.S8 0tH±) LTffifflTS £ t^pjai 
[0 0 2 5] *^*>*»Bffitt«ltt. gt#ttsg 

fie 

[0 0 2 6] 

[aSSr**t-^fci>e)«>#g] #3S9i#£te. ±i£bfc 
[0 0 2 7] X^^+tM HS!»HiSttSfltt' gHfc 

& %>©-?$>-&<. *»w#e>«> ^©^^©x^u^ 



( 5 ) 

7 

Z>0km%L (m) t#V**i'X.^ls>m<p0)*lri/3L? 
t->»©|fr (n) iiOitm (m/n) **1~1. 5. 
iSlgc (m) jP9£1±. #>J**~>X.^ls>m<P(D**>' 
^U>m®. (n) &7 &>±<D3ift$:mfzT¥fJ£ffimPi 

to o 2 8] z.<nfti£.mwn<D^v>** j *'i ks» 

^T^OSO*^©^^*®^. fttc, £©®&x^ 

o. i/im*-^-(DA-T-fi';^tt) tgnx^ 

*tttf»tt^fi««*««iH^%>, *»&»ne*a5b. 20 

[0 0 2 9] *fgi#©g©te. 4>&<ifc, 

£TF©fiJc# (A) . (B) (C) Sr^-r-SClt^ 

[0 0 3 0]^ (A) :S&S (7ix;H^i<) 

££*U ^k7K^*fcD^3!l|gc (m) t#U**5/X 
3 L \s>£'*<Dtt5sX.9-l'>3ak (n) ©Jfc?P (m/ 30 
n) #1~1. 5T*0, EKiHifc (m) #t9£Uh. 
Vlfl/>SS: (n) ^7J^_hT^^X^l/>^-tf-f 

(B) :* 

(C) :7WJX»4#«i 
[0 0 3 1] 

*5EWO«5»«ttt. '>ft<ife. (A) ibttS 
©#Hfttt»l. (B) <hbT7Kv (C) ill 

7WJX«fl«St*t5. 40 
[0 0 3 2]*«WCftHT. J«» (A) t^T&mr 

U ^{k***«* , ©K*» (m) <h*'J:t*->X5Ply> 
gf ©^S/X^I^Sft (n) ©Jt=£ (m/n) #1 
~ 1 . 5T^f), ek»S&: (m) **9£Ub, *^->X^U 
>S& (n) Ai7«Ji-efe^)X^U>^-^-y-'f h*SJ#ffi 

[0 0 3 3] ±mO)itm (m/n) # 1 
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^+->X^W>»^li(C<kS 
l. 5£iBx.3«^te. 7**y««f-ciit9Bi:o 

*W©3SS*t*©IHI«*5l*je3-r. Jt* (m/n) 
tt. J*F£Kttl~l. 

[0 0 3 4] ±fE©E*Sit& (m) j5«9 

(m/n) Jta*ffir!ESjgtfifflrt-Ci&oTt>/S— ^r*;i/ 
»*tt*»«T-r*. Sfc. (m) #**-rif**^tt* 

$L<ftK SEoT. j^mSc (m) fct. £?$L<te9~ 
16. 5g»C#£L<«l 0~1 4T$5. fcfc*U 
(A) £fl|jfcTS«fl:**aSa*. iHStbTKft*$ 

[0 0 3 5] ±12© (n) ft* 7 3ett0>«^tt. 

(m/n) J*a*B8sEft@8&BftT*oT&/1— t^^JI/ 
BsStt*i«Tt5. (n) a**€r-r€fS«^tt, ^fgciS 

ftmVM,<fcZ>. f^T, (n) tt, £f£L-<te7~l 
6, MtCiffSb<tt7~l 4-C*S. 
[0 0 3 6] *5«WT^-rs±l5©X5 i U>-*^rU--f 

iA-r^ ?;KDltStt©H*A^<ft5. JtfS©X^ 

+ ->lf|/>7M^X-r;K JFU^+v-X^l^flB 

u^=^>'X5 L u>T;m i ;px— ?;PBiK*^i:7&^ife> 
n*. A-^^i7;^ss©^*tt^s#«Kihlg 
rjiiiom&frz. tie— «5£ (id -ra^ns^u** 
->x^u >t;m^x— tMHS l 

[0 0 3 7] 

[•{fc 2] R 2 O- (CH 2 CH ; O) „ H (II) 
(fib, R 2 tt. 7Syi> T^n^S. A 

;Mr;u£K:$£n«£*&: (m) tt9«±T-^0, 
(n) i,t7&L±(OWc^fo ) 

[0038] ±ib©#u^-^>'X5 1 u->t;^;px-^ 

^©ftflcflltLTtt, #U**S/X5 1 I^> (n = 8) / 
r^l-f;k #U 7f^>X5 1 l/> (n = 9) ^->;UX 
— ^)^r^rz^x.j-uy (n = l i) >?>ry;Px 
— #U*+yIfl/> (n = 10) 7^'J^x— 
#U^->X^U> (n = 1 1) ^^'J^I-t 
#U*+->X5 : -1^> (n=10) hUryJU-f 
#U^->X5 1 U> (n = 12) h 'J^^WX— t- 
#'J^"^vX5^U> (n = 1 1) J- H7r y^X- 
#'J3-*->X3^> (n=l 3) ^- h^^>JUX 

— 5r;u, tfm-^-yx-^isy (n = 1 2) ^>^^->;u 

X— t+ylf l/> (n = 1 4) -^>^x> 
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)VJL-y-)V, *'J^+v-X^l/> (n=l 2) -fc3MVX 
tfO^vX^l^ (n=l 5) -fc^X— 7- 
;k ^Uit^X^l^ (n=18) ^"l^-f^X— t)V 

-JtSiC (II) tr43lt^n*S-r. 

[0039] ^mwizte^xtt. ^mmcomm^^n 

tf (m) Rtf (n) ©S^«1«P:©X^l/>^-^-9-'f K 
^|?W£ttaj£ffi£©id^xefffibTfc<k<A. Micltm 

n) <D¥-%%&iP 1 ~ 1 ■ 5, (m) ©¥^fii:^ 9 K-h. 10 
(n) ©^ffi*«7ei±<0*fl:S*8fc*tf. 3-*<@S'J© 
^SfSttS'JfCjH^T (m/n) #1. 0*§t£fc«l. 
BSBATOTb, (m) ^'9*^. (n) **7 

[0 0 4 0] jfefriBc+lCfett&J&fr (A) 
IfO. 0 0 0 1-111%. £?Sb<«0. 0 0 0 3 
-0. 5ft*%, MtC?f*t<«0. 001-0. II 
*%, #tC?fSL<ttO. 0 0 1-0. 0 5li%T*$ 

*. (a) a-^*^ 

[0 0 4 1 ] l&ft (A) «, ffiSBK^cSnTti^^l- 
tUTl~Sf PPm@g©Na, K, Fe§©MT 

(A) ifi&MPs%&L£.fc*- -^<7)fcs6> JEfc# (A) 

i». -e-ut, ^m^n^^o^mM, m^i opp 30 

mKT. $?£b<ttl ppmfiAT. BeiC»Sb<(iO. 
1 ppmRTtSn?.. i»*Stl/Tll. If- 

[0 0 4 2] ±E©«Ktt»3nfcfi!e# (A) SrtefflT 

4»©^Jg^FU5#3©5^ 4>&<.it>. Na, Mg> A 
K K. Ca, Fe, Cu, Pb. ZnfflS*®MI 

2 0ppbHT> tpTfe5ppbttT, 4#IC0. 1 40 
p p bHTTSiSiitflfSt^. 
[0 0 4 3] &t5* *9fi9JKliH>TW:» #5S9J©3&*& 
tB4a&V»«ffl-CJ«» (A) £Hfl.<D#ffiettaifc«fllbT 
«e>«fcV»- R6» (A) tt^OWBfiHtaitbTtt, 
>^r|?-ffiffitt^J> 7x*>?&#W£ttffl43cfctf/x;*> 

Ttt, iw^fc8~i 2©7;i/* ^^>-tf>x;v*>^ 
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[0 0 4 4] *%WlZl&^T\i. (B) £bT7k£ 

[0 0 4 5] #5&WC*H>T«, (C) tl/TTil' 

[0046] *5SWTffifflsn-57;p*u©a«tt» # 

7>*x-y-A (7>t-7*i§i) £**7;v#ua*# 
tf&nS. tl7M'JtbT(l 7K^km4^T> ; E 
75X 75;7;W- ;Mg©75>**^f 

*^{b^4SiT> ;: &-^AtbT«, imm* 

»l~4©7;M^SSfctt^**l~4©t h-*n*-> 

7M;H^ft5t)ffl«Sb<. ineoisie 

£T t«l — X Sfe o T l^T t> <fc 
[0 0 4 7] ±m<omf3i7)^)VXizVX\t. 

s. x^*, ■/□wvi. ■73 u )i>mtzE<Dm.m%i 1 - 

tKD+y^DWl, kFn+y^iH&t'ffll* 
tl~4©Iit Kn*y7M;H*«W^<i5. 
[0 0 4 8] ±f2©gMS£«T£7R®'ffclg4^7>X 

D + >-H (TMAH) . rb^lW^-WtH 
n*->h\ MJ *^)V (kHD^yXf;!/) 7> ; fcx^ 
AkHP+yF (ffi^:3U» , F'JxfiV (fc h*D 

■&. -7j. 75>StUTli. x?ly>>>75>, 

[0 0 4 9] ±.m<D7 )VfS U ©4>X«. ifctf^JI^ 

*^{k7>XX'^A, fF^/^^^-^A 
kFO + vF (TMAH) , F'J/f^ (kFn*->I 
^;U) 7>t-^At h*D3r-> F (ill* :3U» *W 

b. 2Siy,±S:e^©»J^T^)8bT : bci:^ <> 
[0 0 5 0] ft^*CD7)l/*'J©i8)S«, ilftMiRT 
ntf^t^ ftflHK©pH36«9a±CD7iI/*Uttttt* 

m&.-?$>%> z b 7;!/# u iggE^i£-r^T p 

»4, pHS»»fcCi:^«k*Sa**«»6n'riCil5»FWC 



( 7 ) 

II 

^*'JT*&£> 0 i>\ S«^S^*X y ^ > >f iZ «fc 0 «{g 

« 1 0 ~ 1 2 . 5 , mztf £ KttlO. 5~12 
-5. 

[0 0 5 1 ] *S§Bj^ffiffl£n3W«g£©Sgite, 

an. mm, -?u\d*>n. mm. -ivmm. ^mm. 
x.^-)v^)mm. hv*^)vmm. mm. ^;\?m. 10 
vd/i, ?x.>m. m&m. v>3Mtziirfmf*>ti 
rneotm mm, -?u\?.-*ym. mm. ny\ 
zm. -?n>m. ?x.>m. m^m, <)>=fm<Dmfr*> 

m. ?x.>ma>mfrt>M9i2tiz>im%.rc\z2m&.±& 
w.izff£vi,K mmiz. ¥m&-&&<Dx.-y^v>h$m 
fzinz&mznT&Q. m^mmz^D^mmx'^m^ 
m®<D'pte^wfimffiT'A^&-iiim-(:& o . *ftmm\z 

[0 0 5 2] W$X;i/*>^OD-ft^W& L-XIl 20 
*^>X;i^>&, X^>X;i-tf:>gL n-yn/^X 

>m. y^-)ix)i^>m^s.ii^mf>bti^>. z\n*><r> 
>mfiW£ls<, *?>X)i*>m&mz!ff£.i,<,K _h 

[0053] gfe^4"o^rm^»iS^«, jiSjgiRf n 

tf<i;<^\ KM±ft#»&<7>pHrtU ~5 t&^Mf*?. 

L<^„ ^ggO^S^T^TpH^frte 30 

Jhxft^A^e>tl^:ti*^-dife-2>„ — 75, i!ga^T€f-5> 

*>&0&2><DT'titf3.V<f^K m&m&WKDpHittiflg. 
b<«2~3-Cfe-5„ 

[0 0 5 4] &f£W<Dfc&mizm:^TI,Z. ^itm*^ 
UTI1 ^*&&©ffilcDfccD£&JHT'#£. f^b&J© 40 

ktcd (i) ~ (4) izx^t%<oamn e.ns„ 

[0 0 5 5] (1) Kt-IfT'*5l*<i:*;^ + y 
;WS£cfctf/i;;fcte*X*>&S£WT^b£4& : «SJA 
tf. ^U-»f©7S;Ki ; -f 5/ 2St&. 'hUP 
3P8L I5 1 l/>y75>4ift [ED T A] , h^> 
X-l. 2-y'72/'y?0 / N+'^>4iti [CyDT 
A] . yI?l/>hiJ75>5»i [DTPA] . h »J 50 
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X^U>7=-h^5>6g^S [TTHA] 3?©^gf?t;*j;U 
*>S«;Ifl/>y7S>fh7*X (y^ytfiX 
[EDTPO] , xMJnh'JX (y^U-/* 
X*>&) [NTPO] . yPtU>->*T5>^h7 
(*^l->/fcX*>gE) [PDTMP] ^<D-g-^*^X 

* >mmtz Emma <=> n-s> . 

[0 0 5 6] ( 2 ) ;£#;&EiHb*iSl§l£# t-.&-^#S£ 
£Hb*P!l§t £4?lJ5jcT& E^Mi^ fCfi&SS£ L fc O H £ *5 

[0 0 5 7] (3) ±13 (1) RZfi (2) ©«tit£0M2- 
Erofcfb^ : 

[0 0 5 8] (3-1) Ifl/>y75>yt;Phkh* 
D+y7irj« [EDDHA] Rtf%r<Dmm# : M 
lfl/>y75>^;H-tHn+y7i^i 
[EDDHA] , X^l^>v7T5>-N, N* -fX 

( (2-tKn*y-5-^f^7xz;W ii) [E 
DDHMA] . X^l/>>'7'5 >-N, N ' -k*X 

[ (2-tKD + y-5-i'n^7iZ;i/) iff) [E 
DDHCA] . X?U>y75>-N, N' - fcfX 

((2-tHD^-5-7W7irWii) [E 
DDHSA] ^©^#K#^**;P^>^ ; X^l/> 
y7S>-N, N ' -t'X [ (2-th , D + y-5-^ 
?;l'7i^;|/) *X*>g0 . Ifl/>y7S>-N, 
N ' -fX C (2-fcKD + y-5-*7*7iz;W 

*x*>&) %£<D%mm^m*z.-fc>mmrfmif e»n 

-5. 

[0 0 5 9] (3-2) N, N * - t'X (2-tFP + 
X5=-P>iyTS>-N, N' - 2Si [H 
BED] R^CDgl^ : ^J^.«, N, N' - fc'X (2 
-th'P*y^>^;W I?U>y75>-N, N ' - 
2mm [HBED] . N, N' - t*X (2-th'P + y 
- 5 Xf|/yy75>-N, N ' - 
2mm [HMBED] , N, N' - t*X (2-tKP + 
is- 5-^U)V^>i>)V) X5 1 t^>v ; 7'5>-N, N ' 

[0 0 6 0] (4) *<Z>m : IfU>y7S 
>, 8-*7U7-Jk o-7xt>hP'J>f®75 
>«;^> g^SE. ya7i. iS6K^<i:W7a;i'*>^ 
H;^>y{b*^iE, Jlfb*?it. 3^<b*Sg^t*« 

[0061] ±E©«{b»itt. m<DMm<D*><D&mm u 

[0 0 6 2] ±1£Lfz$8itM<D>p-V : b. -fb^ 

M^^tt^t"©sffi*'>?.. x5 i u>> j 7'5 >4mm [E 

DTA] » ^X^^>h>J75>5ftSE [DTPA] I? 



( 8 ) 

13 

(*^u>*x*>R) [edtpo] , /ntv>y 

7=>T-h^ (;*eri/>*X*>8S) [PDTMP] « 

D+y7xZ^S® [EDDHA] ©ifft ; 

N, N' -k*X (2-tFn*i/^>?;W x^l/>v 
72> _ N> N ' -2mm [HBED] asjfJSLH. 

[0 0 6 3] tpTt.i5fe#5?i*©li^^^l / >> ?:? ' 5> 
yt^htKD*->7i-;l«l [EDDHA] . X3=- 
l/>?73>-N, N* -fc'X C (2-th'D+->-5 
-^Jk7i-JH MB [EDDHMA] , ylfU 10 
>h'J75>5BtgI [DTPA] . If l/>v7S>4 
PS! [EDT A] , 7 p oh°l/>^7= >rh7 WfV 
>*X*>B£> [PDTMP] -tfBOffHb 

[0064] ©«fl;S!i©»at4. mm^m^m 

oTttficIwniiiv^^ ifi-ioooopp 
itk jff£b< W:5~ 1 0 0 0 p pm, JgfCj!fSb<«l 
0 ~ 2 0 0 p pmffeS. «Mlda©««3WW#*«^ 20 

[0 0 6 5] JSftiH itissntnitt* 

i:^Tl~afPPmit®FeAl. ZnfOM 

fijffl tc \mitm t * »j« ^ tr^ft L T ^ * 
t50/»s»suv^. tut. tsn^M^MM*© 

T, WCjff SL<tt0. 1 P pmHTt^W. tSKT? 

[0066] *mw<Dm&m-£. ^(D&mztm 40 

bTt>Tfc«J:V>. ftfi©j£#£bTHu ^fiSftW»ft;-& ! &> 

M>7hU7 > /-^K rh7V-iK 3-75/ h'J 
7 >/_ ;l/> N ( R ) 3 (RHJt*tl~4fl)7Jl4* 
X) , N (ROH) 3 (RBS*tl~407;Wl' 
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*)i7)ia-)imt&v>> (roh (RasiSi~4© 
5^>*©Htc»i» **. 7;wrf>. 

X. 7y*. 7*Wfc7>=E=C7A, BHFf©^7-fI 
[0 0 6 7] fbT, *3fiW©J!fe»«fc$«-$-&*«i© 

^Hj]<D7;V73Utt«t#^(C3li^b*^ ; Sr^S-'± 

■6»&K:tt. auto. 0 

i~5ii%> »*b<«o. i~ia«96tsns. 

[0 0 6 8] ti5f, «s»-rsS*©*B»=»4' 

-f XCDiB^^AWX^mffi^RttSbTV^*^* 
S. bTtt, Cu^W&i: 

©l»4I$fcBI^Mp«i*W^ n5 « -© 

Wb^V^tAWSb^o *fBWOa5»«tt» S£*©A 

[0069] *mw<Dm&mzm*T. <mnm 

T*#»cflMrrs *©fc»K:tt. 

CD-a-mtdu 0«;U£> 1 0 ppmHT, $?£b<«:l p 
pm, HK£fi:b<Hl 0 ppbftTt^ns. 
[0 0 7 0] *fgHJ<75ifc#i£te, ^JHfflfe^— ^ 2 

X, ttMB, j@e##&<h*©S1£3iffi©ifcf3HC-@: 
77 1/^ f Xffifi; f©f iftf A'-f Xffl 

©#fifcl/TB. Si. Ge, GaAs?©#fM 
^;SiO„ i^-/U3>, #5-X, <gB§m^«^-. 

^>^JK MA7X9A. ^{k>?;i,nx^A^) , 
(B a. S r) TiO, (BST) . #'H5H- *«l 
) JttBWbtt»IB/it*©lft»»»:W, Cu, Alf©M 



( 9 ) 

*J»<oe»T?»*. SK, S i O. ©tfc§§«5« 3 . 8 
~3. 9X&3. 
[0 0 7 1] *fEBJ©i5fc?$?&«, £iik:B&&JR 

*»»c»iSJc«[fflsns. bra. w, c 

u, Ti, Cr, Co* Zr, Hf. Mo. Ru, A 
u, Pt, Ag^tf?,tl, a^«Yt^«tUT 
Hi, insailMiKOfyfcl). ->u-y--f H 10 

mttmi e>n-s. £ne>©*xte» wwxiicu^ 

»*bl>. 

[0 0 7 2] «{S{Ci$'>i/X^>*^r-r^Sfic7)gt#?r 
Xftfflb7tJ«£©, y-HSti/U3>f^tt5» 

7>iz?>?XT>m$:mf8.vti'&<D#c&j:M. mz. ? 
*.fe>n-s. 20 

[0 0 7 3] #fgBJl©ife#^&&ffl-rntt*, 
^^.VX^^SrfxtofcKXfc, A*— ^Y^^^S 
©Bf,SSrfTfc3££a*Hi*5. tot, #f£9l©iSfc#»$ 

0. 15Mmggffl) y-MI&^>«f>TM 

[0 0 7 4] ^ffitccu^wrsssw^^fTais 
ti/TU, cuzmmmtisTmrnvKim-eiV). cu 30 

t©iSt#Ig, #l;CuII:^LTCMP (Chemical M 
echanical Polishing) £fTofcgt©ife#xa, ffiJU-k 
oJimiiMiK: K 7 -f x y ^ > y tc «t 0 & B§ & 
&©ft#Xg^tf<=>n&., 
[0 0 7 5] *3B*«7)ife»«tt, *®.CSP B 1«6^ 

mttmttez&mnmttm&^T&^mteT^'f x«» 

»». £?Lft (*-^X) *m<h, So.c^.te- 
n&o t«*'J?-tlWiLTIi, Polyimide, BCB 
(Benzocyclobutene), Flare Oloneywel 1#) , SiLKIDowC 
helical) <S««*»f 6*1, SS^tfU v— tJfit bXtt. F 
SG (Fluorinated silicate glass). BLACK DIAMOND (Ap 
plied Materials), Aurora (B*ASM) ^7&^.fe>n-5„ 

[0076] *mw<Dm®mz. ±.m?>miz. mm^m 

-t xmmm.<Di&Mikmz!ir&izmm2tiz>. 

t>. *mA<Dfcfrmit. mmmmiztevzfcomMiiitf 50 
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izftmiz®.mztiz>. 

[0 0 7 7] *fEHjc7)j5t#jgc7)Pg{^&«, ft*^»© 
^telCcfctltfJ;^,, Sfc#?li:©etf£/£# #ISS 

i*. moyjfcft) ©?^. {5jn^2^sfctt3^»w± 

£^i*BH&b, ^©*£.;:5gD©/&#£il^bX : £> c fcU 
b. -SC^gB^jg-g-UXfeJ:^. 
[0 0 7 8] ml^©^l(c. *.«giJ©aMU*7W XfflS 

b XB.£©<g; tr>&JRtm*f&fi <c & 3 A* 

•fxfflis-efc, :in£#r$m£*ltw.cji,ftb&.->© 
x. mrxg&itf&xeroHntcfc&fflpj^te, gnfc 
sfc^jn s mt & m&m t. u z> . 

[0 0 7 9] T&fc"*.. #fgBJi©fi!l©^te, EVF<Dgi 
# (a) , (b) Rtf (c) &ffifaTZ\ti&&$ahT 

irts. *mmww xmmfom&wuz&Tz>. 

[0 0 8 0] (a) *SWlc¥^#:^«a43j;^S 

(b) ^SS^JR«*U 000~5000 (XIO* 0 a 
toms/cm 2 ) XifeSS1S*^#Lfc«^.CM-t^ 

X, tic&&<Dmm&mm& l 0 (x l 0 1 0 a t oms 

/cm 2 ) HTT-*5. 

(c) IS10. l«mK(±O^-T-f^M8 0 0 0~ 

100000 my o . o 3 m 2 ) r ©b§r 

»tt*«*B*t (#) PBmi^Lfc^lcK'ViX, gfe^ 
^, *^t^^$r|5li;<T^>««*®±©RilF*gx©/t 
-5V ^;H@»»*. t = 0. 5~1©(S, PJM^gO. 
6 r0R^^T-2OO/tlHT. ^^.4, 
0. 9 r ©P3)^[^X«8 0 0/ tfflfilTX^^. 
[0 0 8 1] fels. JilS© (b) Rtf (c) ©S^tt, 
^HJJWgfc^W^S^LfcfeOX^O, ^^W© 
«ci**rt*ttJB $ n^ife#^ft Lfc ©X«ift^„ 

©*i#«-^^«ffi^^JRiB^, ft^&gtc«, ^J^tiW^ 
Cu*o««*j»^»ia«»»fc:»bT, ^A^Kjat* 
©ii^#s^b$-ttr, ^n&©»»3&t. ^ffc-rn-f 

[0 0 8 2] ±IB©*^BJi©St#^(C*S-^X, 

(b) Rtx (c) &mti-?t^oz\£\z, &mmm, a 
f5jn©f?^5rfc3c»ic^5fe-rscct^ 
oi^x^-s^ch^^-r. 

[0 0 8 3] ^fr (c) tt. gtr^»^^BSR^a«© 
oXfc, g««® ©&©.;: «fc£-r, SK^pS^i^Sictf 

©A— T--f i7JUS:8 0 0 0~ 1 0 0 0 0 0 «!/ 0 . 0 
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3 m 2 ) r ©BSflJ§MfcfitK*®£ffi#&#ffl 

t : 0. 5~1 [#] tl/T»l/fcS, gffit^'frS: 

0. 6 r05H^rtT«. SSt5A-T^i'M2 0 0 

ttfflgffEO. 9 r ©R^ftlC^Tfc. /I— 

48oo/teKTiL. mmmm^mizmmtx^ 

[0 0 8 4] _kj$bfc. *mW<D¥Mfo'rrt'{ X 

*«S:)5fe#jStr «fc -3 b fc*^T*^> H 1 

e>SS*^3i!Hie$-e-^>Xt 0 >^:i:b> ft#?K©«$fi^ 

[0 0 8 5] 5Sfc, 8c»©l». 
«Atfft»^75't«l bifcT. ? ^:/ifc#&<!f©^ttW 20 
ifeit^ *«KJS]j£$C0. 5 *#'Yrt'y ^©jgW&Sr 

&ns©-efc?£b^„ 

[0 0 8 6] ft#$c£SffilCittig 

[0 0 8 7] gfe#P#P B 1tt> A*>y^5£ft#gS©«-&» ffi 
^3 0W^3 05K jf$K«l~l 5#, ft^jSifc 

X;U— -?y h©<£T£J6<o *fgW©i5fc#$t«, _hlB© 

[0088] &#i£©smwu astt^fit^ns**, 
jfe^S^ifillStsaWt, 4 o~7 ot:gKicj!jofi 
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T-5££dW£b^. affile ->>J a>#s»£tSbT 

lr^aiS8fe#T5^B. vU3>a®leW«KW583; 

[0 0 8 9] *f6W©«6#*tett» ^S^lei^ 

s&etf. a-5^ p)ismm<D&3km*mzjtn±L. m 

[0 0 9 0] ttit(c51Kb#?. 
±©«#»*B8*fr*&6tf» ^ffiffitt&Jt©^^ 

teitK A-^^;i/©l&ai4^b<ft±T5©-efcF 

*bH. IK, *fBHJ©gfe^te©HM*5J;^/Sittt^ 

le. *©«l^^'MtCj;^T#ibtX-5®«-1'7j->7K. 
[0 0 9 1] 

we «fc o issn^ ^©-ete&tA,, 

[0 0 9 2] HJSt*J 1 , 2 RZtitm&l 1 ~ 3 

ffi) f&mmmm (sioc: kmws i o 2 ) fl-i*© 

8-f>f->U3>Ifit (flr^4-f>f©nCTS 
ffi) Sr. S i 0,X^'J-i§ii£lel 0 5}-p B 1S»bfc. « 

( (**) ti-i Urn— m TKS S P - 2 0 1 J ) fXlf> 
-^©*£. U—!f-*ffi^3E^S (BiJL*^ 
I>^7'J>^ttS TLS- 5 0 0 0J ) lei:*). S 

saBfcttfrb&tteTft&ajjeu 0. 2 Mmtt±© 
s i o 2 ew-e»tK± (fcfc*b> ±Egtai 000 

0 01) #ttT^5rt&«gbfc. 

[0 0 9 3] aiic^-rsfc*£i££&fflb. ±l5©-r;i/^ 
Xfcf>^— tC«t0, PVAS©^yT'±E©S iO, 

^•©^. s*e*T?*ffiSri»fig^#bfc^ xt:>*a» 

b. «c»»ai*S»fc. ^^Sr* 1 fC^fo 
[0 0 9 4] 
«1] 



( 11 ) 
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19 



20 







0.2 fi mJ[U± : 






sum 




m 


n 


m/n 


UK 

ppm 


fits 


mm 

ppm 


mm 


rStSt 
ppm 








c^cxcyv^H 


12 


11 


1.1 


50 


™ah 


50 


EDDHA 


100 


>8000 


59 




C 12 H 25 0(G 2 H 4 0) 11 H 


12 


11 


1.1 


50 


TMAH 


50 






65 


itmmi 












TMAH 


50 


EDDHA 


100 


515 




CjaH^-ph-SOaH 








40 


TMAH 


70 


EDDHA 


100 


250 


imm 




2355 



: w&mm : mm., &imm t : i 

m^rnm. : BSSfx^^TT/rtta tls-5 o o oj (x?-;*? h : 4 omm) 

ffi£18i<?>g&&m±<0'*~T- 4 9 JV-®4gti± 8000-100000 [®/0 . 0 3 m*] 



[0 0 9 5] *&0iJ3~62fctfJti|£0iJ4~8 

ffi) 5t-r\ mmmi tnmzs i Otm^ttmmfc&ft 

£0. 5»p B 1ibfc«^«. £P]«HcS i a 

[0 0 9 6] 2 *©^n#i?ffitt^CD*j*-efTo Ac. 



r^t>^> i&mnmm (s i oc : stm^s i o,) 

20 ^It(c:Stt-5„ 0. 5 5H£. htf-£Sii:i;:3li*tB 

-&TWffiLfc„ l¥fl632p«. O : 8 0%«±, A : 5 0 
%£«.±8 0%*SI. X : 5 0 X^miiVTz. 

[0 0 9 7] 

[«2] 









0.2 pi m£Ui : 






mm 




m 


n 


m/n 


mt 

mnn 


mm 


SJK 
ppm 


mm 


ppm 






5£8£0I3 




12 


9 


1.3 


50 


TMAH 


50 


EDDHA 


100 


o 


>8000 


1321 






12 


11 


1.1 


50 


TMAH 


50 


EDDHA 


100 


o 


1012 


5 




13 


10 


1.3 


50 


TMAH 


50 


EDDHA 


100 


o 


1123 






16 


13 


1.2 


50 


TMAH 


50 


EDDHA 


100 


o 


1524 


itmm* 




8 


8 


1.0 


50 


TMAH 


50 


EDDHA 


100 


X 


4924 






12 


7 


1.7 


50 


TMAH 


50 


EDDHA 


100 


X 


2061 


]fcS#j6 




12 


13 


0.9 


50 


TMAH 


50 


EDDHA 


100 


X 


1712 


Jfc®0«7 




16 


20 


0.8 


50 


TMAH 


50 


EDDHA 


100 


o 


1776 


it««8 




18 


20 


0.9 


50 


TMAH 


50 


EDDHA 


100 




2926 



(ffi&g* : tt^fflt : o. 5 ft) 
SS^g : nm&=f-3-> : ?-r>)>imm TLS-5 0 0 oj (x 7 >;* 7 h \ l Omm) 
fc&WO&ti&M-tO^-T -f ^vfi&ti 8 000-1 00000 [ffl/0 . 0 3 m'] 



[oo98] mmm 7 ~ 1 0 

m) &mmmm (sioc: mm-s^s i o.) n%o> 



50 



8-f >^->U3>XtS (¥€irdM^>^»RS«S 
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jj'fzsa—U TKS S P - 2 0 1 J ) tf>¥£Jft3-£ 

TU >^1iS TL S - 6 6 0 0 J ) TStifflt-Wf ^ 
&«*mfc£«5£L* 0.11 um«_bOS i 0 2 fe^ 

a«-ft*«a± (fc£u -tKtti o o o o oe) ft» 
[ o o 9 9 ] * 3 ic«T*»«*«£ffl ^ aa^ov^ 



22 



[0 10 0] 
[S3] 



safes 



#dfefl!7 



XIMffio 



MHSttffl 



CuHaQtWOuH 



12 



12 



12 



12 



11 



11 



11 



11 



m/n 



1.1 



1.1 



1.1 



1.1 



ppm 



50 



200 



50 



200 



TMAH 



TMAH 



ppm 



76 



1000 



ppm 



0.45 



0.45 



mem 



ppm 



EDDHA 



EDDHA 



100 



100 



pH 



0.11 a* mJ2t±: 



10.5 



12 



2.5 



2.5 



>20000 



838 



792 



497 



813 



iW5^*: BMfay^TV^^ia rLS-6 6 0 0j (X7^?>:i0mn») 
^m<0^R^®Ji^^-T->f ^^^2 0000-100000 [«/0. 0 3m] W. 



[0 10 1]»JH> 12XtWt««l9 
£0. 5#IBiLfc«*K* IH6«l£ra«K:S iO, 



[0 10 2] 
[*4] 







0.2 /i mJBLt: 












m 


n 


m/n 


ppm 




wt% 


*»* 




11 




12 


11 


1.1 


50 




2.25 


>8000 


248 


§&fctffli2 


C l3 H 2S 0(C 2 H 4 0) u H 


12 


11 


1.1 


50 




10 


290 


JfcRWl 










10000 




10 


2455 



iH5ii§gfi: B^m^V^-TWtrtiJi TLS-50 00J 40mm) 
«»tt©*«*W±©><-* 8 000-100000 [ffl/0. 0 3 m'] -C**o 



[0103] ££09 1 3 Rt^tfc«« i o 
^->U3>S1S (¥§r#2'f>f©nSttSft) 
jB^fiS© (BSt«^X>3?-7U>^4t» TLS-5 

oooj ) -casbfciig*. s^tctt&so. 2^ 



50 



0 0 01) tt»LTlr>fc. £©*«£5 0lCCfiflE«W 

snta 3 tciemw^gt^jgtc^ 1 0 MiaiiL-fc 
-7- 4 z> «oii^sss 5 est. 

[0104] fcbfe^J 1 1 
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£#»itl : 4 : 2 0 (CTjg^LXPiS L^c^ (AP 
[0 10 5] Jttst0U l©ife#8?:te. tii¥l>'&V>tim%L z f- 



24 



[0106] 
[S<?5] 







PH 


0.2 /i mJBLh: 
fig/ 9 jl— /\ 








m 


n 


m/n 


mm 

ppm 




mm 

ppm 






13 




12 


11 


1.1 


25 


NH 4 OH 


2800 


11.3 


>10000 


756 


Jfcimio 












NH4OH 


2800 


11.3 


1866 


JfctWI 11 












APM 


6000 


10.3 


1145 



apm : 2 9it%7vt-7*, 3 o«s%agMbfcst*i3j:wtt**#a.tfci : 2 : 4 

ft^Sffi : 5 01C. *i£B#H! t : 10» {^.yViiy F : 1 0mm) 



[0107] j^Jg^J 1 4RtfJfctfcfci 1 2 ~ 1 4 

>^<£>R«#cSt5) SO. 5ttXHF*S[K(:5» 

SrSilicon (IV) Nitride^ (Johnson MattheyftS? rs 
tkff 12145J ) 0. 0 2g/L«D3nfi^5 0ti;iS 



20 iS—TV>iftt£L TLS-5 0 0 0J ) »C<fc9. ftfrM 
S&©S«-t fc^FT 0 . 2 At mJK±©/1-T--e 

[0 10 8] 
[3E6] 







PH 


0.2 fi mJ£Ui : 








m 


n 


m/n 


SJK 
ppm 


mm 


ppm 






C 12 H 2S 0(C 2 H 4 0) u H 


12 


11 


1.1 


25 


NH 4 OH 


2800 


11.3 


296 


Jt««12 










25 


NHJDH 


2800 


11.3 


3888 


Jttt«ll3 


^-^^r-^DCllOO 








25 


NHjOH 


2800 


11.3 


3208 


Jt«ffill4 












NH,OH 


2800 


11.3 


>10000 



l&mttJimVim rT7*%L-4 4} : V^SW+y^nei/VO/a-^*!^. 3^*2200 

H*^JSttl! rai-t-7DC 1100J : ^yif-UV&lF^+v^VVwrnv^g^, 53-TSllOO 

5 ot:, «ia^f«t : 1 ofr (i^y*? h : 1 omm) 



[0109] mmmi 5. ttmmi 5, 1 6 

^ (DigitalSnbsp;Instraments1±§WIano Scopellla) ~C 
mmmffi(DZ$&&&<DmmmmT'$>2>Rms (nm) £ 



40 flIStfc. 7 IC^T. 

[0 110] ±f2©S«(DSSmnco^TB«tCcfc.5 
WttSfrte^. -T^fc-fe. tfctieM 1 5 

J&Ztl 6 01^11 a^StCiSg^) 1 ~ 1 Oramig 

©asgc©^ I— ^-^maizmwLmm±mzm.^>^m 

[0111] 
C«7] 



( 14 ) 
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PH 


(t:) 


(4» 


Rm s 
(run) 


^ mmm\ 


7 fail 






m 


n 


m/n 


as 

ppm 


mm 


mst 

ppm 






12 


11 


1.1 


25 


NH 4 OH 


2800 


11.3 


50 


10 


0.281 


Jt«#115 












NH 4 OH 


2800 


11.3 


40 


10 


4.328 


JttR0)16 












NH 4 OH 


2800 


11.3 


50 


10 


3.074 



&sia£: 4otitt5ot, tmmmt : i o# 
[oii2] mmm 16-19 Rzstt&m 17-19 

0. 5li%HF*8«l:5»raa»fflit5Cti:«t 



l - 6 1 0 0 j ) -wweufc. «5i*«Law«a>Rj»aiffi 

[0 113] 
W8] 



HS&W17 



§gjfi#ll8 



19 



JfcttWi7 



Jfc««fl8 



JfcttM19 



;C I2 H^O(<^H.O) u H 



C^OtCAOnH 



PEG 4 0 0 



*x~;*?^XM-400 



m 



12 



12 



12 



12 



11 



11 



11 



11 



8.7 



8.4 



m/n 



1.1 



1.1 



1.1 



1.1 



0.1 



ppm 



10 



25 



100 



1000 



1000 



NH40H 



2800 



NHiOH 



NH4OH 



NH 4 OH 



NH4OH 



NH 4 OH 



NH 4 OH 



PH 



(nm/m i n) 



11.3 



2800 



2800 



2800 



2800 



2800 



2800 



11.3 



11.3 



11.3 



11.3 



11.3 



11.3 



0.48 



0.52 



0.43 



0.34 



6.26 



2.69 
1.91 



[0 114] *»«2 (K #*«1 

ifXT>©f^bfr*«itfc- ^rXhfr^ 4 0 
< CJC^«©JI9^n^*9tcIE«^gfe^^l 0 5HBS 

StfEXII (Jeolttl rRIX-3 0 0 0j) £^J3 
9 II^t 0 



B**MBttR TPEG400J I *TS400 ^ 

b *»BttK M-400 j : **z,Tu>m&9o<r>*; it^-t*, ^*4oo 

5 0^ t&mm t : 1 0* 

[0 115] mMW2 0 tm^Ml ii^JtRb 

#56W<Difci§*BU *ft*T**U* 

40 a**. 

[0 116] Jt««2 0 
*MM2 0fc*Hvr, gtM^bT, lfc««l IfcW* 

[0 117] 
[«9] 



( 15 ) 



2003-289060 



27 



28 







PH 


(nm/m i n ) 




7* ay 




m 


n 


m/n 


ppm 




ppm 


HifcflJ 20 


C lt H >s O(C l tV>) 11 H 


12 


11 


1.1 


25 


NH 4 OH 


2800 


11.3 


0.071 














NH4OH 


2800 


11.3 


0.080 


itsemo 












APM 


6000 


10.4 


>10 



APM : 2 9*fi%T^*-r*. 3 OMA%mkit^m^is xvmti®Riti : 2 : 4 o-cil-g-Lfc&ifc 

4 oc, atsusrat : i o# 

jrl. si^^y^xvHa^wtf (i cp-ms) -r 

&JRS£8J3£U S««®T©^BjS^ (a t oms/ 

cm 2 ) »c&frr&., 

[0 12 0] #ST^^$n^JiiE»>"j3>S«»^ 

*i oic^-r^^^^fflb. st#?^tas6o 

U 3 >S*£SE<D^:£J?S (Fe, Cu) ^lOCi 
T. 
[0121] 
[*10] 



[oils] mmm 2 1 . itts^j 2 1 

&SH":*-> (Fe. Cu) £"g-*jf LifcAPMft 
#'«IC»«Lfc. C0APM»1I1 2 9fi»%7> 
t-T*. 3 lfi»%il^b7Km**5J:aC7K^^*H: 
1:1: 5Til£U cnfc:&«^r«a*F e (2 0 p 

pb) , cu dppm) iii3.z>mz<&m,^jr>sm-fc 
tKti oftf^zkifcu SiyD- icto^su &mx~ 

[0 119] C(0yU3>lffi±ffl?5MI (Fe, C 







(X lO^atoms/on 2 ) 










m 


n 


m/n 


mm 

ppm 




ppill 




ppm 


F e 


Cu 




C lI H 25 0(C ii H 4 0) u H 


12 


11 


1.1 


50 


TMAH 


50 


EDEMA 


100 


5.2 


<1 


ifc«0!21 












TMAH 


50 






682 


139 


tfcBMii (& 




1000-3000 


3000-5000 



m»wsE :6ot, mmsm t : 1 05- 

[0 12 2] £U:©*t**»&, *^©*Sfe#?£{;L ^tK 
(fc7> ; E^^A^^APM^lC c k?>fie*©gfe^ffi 

[0123] mm\z, meuzmm? in-r^ m 



[0 12 4] f-l/T. ^fgi^W&ff^te. jggHbTKsStft: 
[0 12 5] 

gfcy'J3>, lfti/ij3>. ii'yX, & 
-fXfflSffifC^^T. *tS^S!C#^Lfc^JS^ (A- 



29 



#512 0 0 3-2 8 9 0 60 
30 



(5i) int. ci. ' mm* FI 

C 1 1 D 3/04 



C 1 1 D 3/04 
3/20 
3/30 
3/34 



3/20 
3/30 
3/34 



<7»»n* F 4H0O3 AC07 BA12 DA15 DC04 EA23 

H«ft*»***trt FA0? FA28 



